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IV. PREFACE

"nis report is subdivided into parts | and 2 in order
to lend equal emphasis to both the laboratory program
and the program support efforts. Part 1 addresses the
laboratory effort and test results. Part 2 details
the support work preceding the laboratory program,
specifically: development of the laboratory break-in
procedure and traceability, calibration, and verifi-
ration of the measurement system. The appendix con-
tains the data for Part 2.
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Jigital Signal inguts

2o Channets
Paraliel 300 1o D1yits per Channel

Calibration

Calibration of the working instruments described in part 2.0
tor the most part were conducted using the DAS as the readout
device.  There were however two exceptions. The frequency
counters were individually calibrated prior to use and digi-
tally transferred reading to the DAS. The torque shaft was
calibrated using the readout in the signal conditioning am-
plifier used to excite the torque shaft strain gage bridge.
Following calibration, a precision resistor was placed across
the bridge and the output recorded. When using the DAS, the
signal conditioning amplifier gain was adjusted to obtain the
same reading as at calibration time when the precision resis-
tor was again placed across the torque shaft bridge.

Traceability Statements

Pressure - Pressure 1s traceable to N.B.S. through an Ashcroft
dual range dead weight tester type 1305, certificate
of accuracy no. 2GH-21398 from Manning, Maxwell and
Moore, Inc., Stratford, Conn. dated March 30, 1978.
Accuracy is certified to one tenth of one percent.

Volume - Volume is traceable to N.B.S. through Seraphin 5 gallon
and 1 gallon test measures, through the Wisconsin Dept.
of Agriculture Weights and Measures Laboratory. Wisconsin
Test No. 816, dated February 2, 1978.

Temperature - Temperature is traceable to NBS through a Fisher
Scientific Thermometecr, S/N 673650, through the
Wisconsin Dept. of Agriculture Weights and Measures
Laboratory. Wisconsin Report No. 816, dated Feb-
ruary 2, 1978,

Frequency - Frequency is traceable to NBS thru the ABC Television
Network (West coast) and N.B.S. Time and Frequency
Bulletin No. 250, September 1978. Accuracy is certi-
fied to 3 ppm.

Force - Force is traceable to NBS thru two Lebow load cells, Ser-
ial Ne. 517 and 518. Accuracy is guaranteed to within
+ .07 on their certificated dated July 27, 1978.

tength - Length measurements are trace2able to N.B.S. thru the
Wisconsin Dept. of Agriculture Weights and Measures
Laboratory. Wisconsin Report No. 868, dated September
7, 1975,
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blow

2.3 cu. in./rev P.D. Flow meter with 120 tooth gear -
magnetic sensor driving a frequency counter

1 cu. in./rev P.D. Flow meter with 80 tooth gear -
magnetic sensor driving a frequency counter

Speed

6C tooth gear with magnetic sensor driving a Simpson
frequency counter

Frequency Counters

S1mpson

Model No. 7016

=] Flow Rate S/N (3869

/7 Shaft Speed S/N 03874
Parallel OCD Output 10 Digits

Hiac Model PC 305SSTA S/N 403
Sensor Model D-5-150 S/N 471
Automatic Bottle Sampler

Data Acquisition System

A Monitor Labs, Inc. Model 9300 data acquisition system (DAS) was
used for all data collection in the test program. Output from
the DAS was transmitted to a teletype which produced a hard copy
of the data and punched a paper tape which later was entered into
a time-shared computer for data processing. Specifications of
the system are as follows:

A, General

Monitor Labs, Inc. DAS

Model 9300

S/N 70

Channel Proqrammable

Internal Scan Rate 16 Channels/sec
5 Significant Diaits

6. Analoqg Signal Inputs

4¢ Channels

Voltage Range Fixed + 10VDC

a4 Vosensitivity

Temperature Type J, ¥, or T Thermocouples
Automatic Reference Junction Compensation

[
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.5 Test Apparatus
1.5.1 List of Measurement and Support Instrumentation
Information on calibration procedures and error limits for
the instrumentation listed below may be found in part 2.0.
Detailed calibration data appears in the appendix.
Torque

2000 IN-LB Himmelstein Torque Shaft, 11.6K shunt calibration
resistor

Daytronics strain gage indicator Model Number 3278
S/N 1

Daytonics MSOE/N-11741 two channel strain gauge amplifier

Model Number 300D
S/N HF9E1678

Pressure
A. Inlet +/- 5PSID - range

Pace +/- 5 psid pressure transducer M/N KP15
S/N 12752

Pace amplifier M/N CDZ5
MSOE # 11730

8. Outlet

Viatran 0-5000 psig pressure transducer M/N 218-15
S/N 328176

FPI Power Supply #3
Temperature
A, Intet

FPI =0 Iron-Constantan thermocouple
FPI #0A Iron-Constantan thermocouple

B. Outlet
tPI 21 Iron-Constantan thermocouple

FFL =1A Iron-Constantan thermocouple
Fhi #18B I[ron-Constantan thermocouple
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Minimum p33 for ¢ minutes

100% of maximum constant rated pressure for 2 minutes

Minimum psi for 2 minutes

1157 of maximum constant rated pressure for 2 minutes
Minimum psi for 2 minutes
At each data point record input speed, torque,

ﬁ temperature, pressure and outlet temperature,
pressure and flow.

——i

5. Run the pump for two hours at constant rated speed and an
outlet pressure of maximum constant rated outiet pressure.
Monitor and record input speed, torque, temper-
ature and outlet pressure, temperature, and flow
‘ every two minutes to determine changes in the
overall efficiency.

. TR

6. At the conclusion of the two hour test, take an
01l sample to determine the contamination level
of the system.

1.4.2 [nstrumentation and Test Parameter Accuracy - NFPA T3.9.17R1

The accuracy tables 1 and 2 of NFPA T73.9.17R1 were used ]
as a basis for determining the measurement system for this "
test program. The values are being contested by industry,

—d R i

T e and a survey of T3.9.17 members is being conducted to obtain p
‘ L)) current estimates of more acceptable tolerance limits. L |
4.3 Reference Standards ]

. NFPA T3.9.17R1 Proposed Method of Testing and Presenting
Basic Performance Data for Positive Displacement Hydraulic
Fiuid Power Pumps and Motors.

2. NFPA T2.9.1-1972, ANSI B93.19-1972 Method for Extracting
Fluid Samples from the Lines of Operating Hydraulic Fluid
Power System for_Particulate Contamination Analysis.

3. NFPA T2.9.2-1972, ANSI B93.20-1972 Procedure for Qualifying
‘ and Controlling Cleaning Methods r/or Hydraulic Fluid Power
Fluid Sample Containers.

4. NFPA T2.9.6-1972, ANSI B93.28-1972 Method for Calibration of 3
Liquid Automatic Particle Counters Using AC Fine Test Dust.

5. NFPA T2.9.3-1973, ANSI B93.30-1973 Method of Reporting
« Contamination Analysis Data of Hydraulic Fluid Power Systems.

b.  SAEJ745C-1970 Hydraulic Power Pump Test Procedure.
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Minimum psi for 2 minutes

725 of maximum constant rated pressure for 2 minutes

Minimum psi for 2 minutes

110% of maximum constant rated pressure for 2 minutes

Minimum psi for 2 minutes

115% of maximum constant rated pressure for 2 minutes
Minimum psi for 2 minutes

At each data point record input speed, torque, temper-
ature, pressure, and outlet temperature, pressure and
flow.

Run the pump for two hours at constant rated speed and
maximum constant rated outlet pressure. Monitor and record
input speed, torque, temperature, pressure and outlet
temperature, pressure, and flow every two minutes to
determine changes in overall efficiency.

At the conclusion of the two hour test, take another
01l sample to determine the contamination level of the
system.

Contaminated Fluid Break-In Procedure

Use the fluid conditioning circuit (Figure 1.5.13) to
bring the system up to an operating temperature of 120°F.

Add uncut AC Fine Test Dust to the system and take oil
samples until the contamination level is 1500 + 250
particles per millilitre greater than 10 micrometres.

Run with filters out of the circuit. (Do not operate the
test pump.)

Start the test pump and bring the speed up to rated
within one minute and maintain an outlet pressure less
than 250 psi.

Load the pump at the following pressure increments and

time intervals. (Do not readjust the speed for each load
pressure.) The time interval between each pressure setting
is one (1) minute.

Minimum psi for 2 minutes

24% of maximum constant rated pressure for 2 minutes

Minimum psi for 2 minutes

48% of maximum constant rated pressure for 2 minutes

Minimum psi for 2 minutes

72+ of maximum constant rated pressure for 2 minutes
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1.4 Test Requirements:

1.4.1

Development of the Break-In Test Procedure for Gear Pumps

The results of the gear pump break-in procedure survey were
analyzed to develop a common break-in procedure for all eighteen
gear pumps. The procedure for all eighteen gear pumps was
identical except for the contamination level of the fluid.
Twelve of the pumps, four from each manufacturer were broken-
in using clean fluid with a contamination level of 100 parti-
cles per millilitre greater than ten micrometres. The remain-
ing six pumps, two from each manufacturer were broken-in using
dirty fluid with a contamination level of 1500 particles per
millilitre greater than ten micrometres. The procedures de-
veloped were as follows:

Clean Fluid Break-In Procedure

1. Install the test specimen pump in test circuit shown in
Figure 1.5.14. Before starting the test, take an oil sample
to determine if the contamination level is 100 or less
particles per millilitre greater than ten micrometres.

2. Use the fluid conditioning circuit (Figure 1.5.13) to bring
the system up to 120°F operating temperature. (Do not
operate the test pump.)

3. Start the test pump and bring the speed up to rated speed
within one minute and maintain an outlet pressure less than
250 psi.

4. Leave the pump run for twenty minutes with the filters out
of the system, then take an 0il sample to determine the roll
off cleanliness level of the pump.

5. Put the filters in the system and continue running the pump
at rated speed with an outlet pressure less than 250 psi for
twenty minutes to clean up the system. Take an 0il sample
to determine if the contamination level is within specifi-
cations. Leave the filters in the circuit for the remainder
of the break-in test.

6. When the contamination level is within specified 1imits, load
the pump at the following pressure increments and time inter-
vals. Set speed initially at rated speed and minimum pressure.
(Do not readjust the speed for each load pressure.) The
time interval between each pressure setting is one (1) minute.

Minimum psi for 2 minutes

24% of maximum constant rated pressure for 2 minutes

Minimum psi for 2 minutes

48% of maximum constant rated pressure for 2 minutes




1.2 Test Objectives:
1.2.1 Primary Objectives

A. To prepare and sponsor a current revision to NFPA
T3.9.17, Pump and Motor Test Procedures.

B. To prepare a proposal for revising the Fluid Power
Measurement Methods of I1SO/TC-131/SC-8/WG-3.

1.2.2 Secondary Objectives

A. To bring into consonance the needs of the U.S. Army,
Industries technological capabilities and current thinking
in the International Standards arena.

B. To investigate the extent to which gear pumps undergo
irreversible degradation of efficiency in the first few
hours of their lives.

C. TJo investigate the extent to which heavy doses of contaminant
at break-in time will affect and/or expedite degradation
of efficiencies.

D. To prepare test procedures which will accurately and
repeatably assess the performances of pumps in view
of today's energy conservation needs.

E. To estimate the spread in performance efficiencies
which can be expected among several samples of conventional
commercial gear pumps.

F. To investigate realistic U.S. Army acceptance criteria for
pump performance efficiency.

G. To set up required measurement procedures and certify
working instruments.

1.3 Component Description

The eighteen gear pumps tested were coded by arbitrarily selecting
numbers from a random number chart in order to maintain confiden-
tiality of the program participants. These numbers were then stamped

on identification tags and attached to the individual pumps. In the
process of testing, the code numbers were used to Segregate the data
collected. The three industrial contributors (final selection made by
U.S. Army MERADCOM) each contributed 6 nominally identical gear pumps
which were commercial industrial equivalents to pumps supplied to the
U.S. Army for application on military equipment. The range of component
specifications were as follows:

Pressure Speed Displacement
(PsI). (RPM)_ _ind)
2500- 3000 2800-3000 2.8-3.16
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1.1.3 A total of 18 gear pumps were solicited from each of
3 different manufacturers at no charge to MSOE in exchange
for test reports. Each of the & pumps contributed to the
program from each manufacturer were standard production pumps.

The U.S. Army (MERADCOM) selected the contributors from a list
of manufacturers indicating an interest in participating in
the program. The following contributors were selected:

Company Name: Hydreco
A unit of General Signal
Address: 9000 E. Michigan Avenue

Kalamazoo, Michigan 49003

Technical Contact: Joe Lemon
Project Engineer

Company Name: Sperry Vickers - North American Group
Address: Troy, Michigan 48084
Technical Contact: Ron Imperati

Director of Engineering

Company Name: Sta-Rite Industries, Inc.
Fluid Power Division
Webster Electric Co., Inc.

Address : 1900 Clark Street ‘ I
Racine, Wisconsin 53403

Technical Contact: Glenn Hubbard
Manager-Forward Planning

I.1.4 Mail Survey Respondents

The gear pump manufacturers who responded to the Break-In
Procedure Mail Survey are acknowledged below. Details of the
survey may be found in part 2.0, section 2.2. Without their
valuable input, a general gear pump break-in procedure could
not have been developed.

Dana Corp. - Hilisdale Hydraulics
Sperry-Vickers

Parker-Hannifin Corp. - Mobile Hydraulics Div.
Hydreco

Roper Pump Co.

Ross Gear - Division of TRW

Fluids Control Division - LFE Corp.

FMC Corp. - Northern Ordance Div.

MTE Hydraulics, Inc.

Weatherhead Co. - Subsidiary of Dana Corp.
Webster Electric Co., Inc. - Sta-Rite Industries
Hydraulic Products, Inc.

Prince Manufacturing Corp.
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PART 1.0 LABORATORY PROGRAM

1.1 Introduction:

.11

Contents and Authorization

This interim report summarizes the results obtained in
evaluating gear pump efficiencies during the first few

hours of the pumps lives. This concludes the initial

phase of the program to investigate pumps described in
the following section.

The authorization for this program effort set forth in
MSOE Fluid Power Institute unsolicited proposal entitled
"A Proposal to Evaluate Hydraulic Pump Efficiencies During
The First Few Hours of the Pumps Lives", dated May, 1977
was awarded on 30 September, 1977 under contract number
DAAK7(G-77-C-0214.

Objectives of Contract
The overall program objectives are:

1. To prepare, implement, and validate a current version
of NFPA's T3.9.17R1 Pump and Motor Test Procedure.

2. TJo determine the degree of correlation between the
endurance test method in MIL-P-52675 and the high
cycle rate durability test method.

3. To determine if the durability test method will serve
as an acceptable accelerated 1ife test to replace that
procedure contained in the current version of
MIL-P-52675.

4. To implement and validate those measurement procedures
prepared by the Milwaukee School of Engineering for
the U.S. Army under contract number DAAG53-76-C0036.

The means by which these objectives are to be accomplished
1s shown in figure 1.1.1.

The objectives of the effort reported herein support 1. and
2. of the overall program objectives and specifically for
this phase were:

I. To evaluate Industry efforts of hydraulic pump break-in

procedures upon the MSOE measured value of overall efficiency

on a selected sample of 18 commercial grade gear pumps.

2. To study the nature of and the degree to which the overall
efficiency migrates during the first few hours of the
pumps' lives.

3. To determine the deqree to which moderately heavy doses
ot AC fine test dust affect the above.
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. ched o Test Insbruments
: ALl Lot parameter pieasurements (Lorque, pressare, peed 4 low,
, and temperature) were recorded using the data acquication.  Hard
: copy of the recorded values was obtained using o Teletype Lerni-
}‘ nal. Photos of test instruments follows.
»
E Figure 1.5.7
DATA ACQUISTTIUON SYS5TIEM
AND SUPPORTING INSTRUMENTATION
Data acquisition system on
the right with Daytronics
[ torque shaft ampliifier on
8 top. At left are the

frequency counters used as
readouts for flow rate and
shaft speed. BCD output )
from counters transmitted

data to DAS. In the wmiddie |
are the Pace and Viatran i
{. pressure transducer power »
‘ supplies. 1
ey
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JRIVE MOTOURE AND TuR)UL SHAFT

Shown 1o drive aotar at bottom
of ohito Conned teg o test o pump
AL AVINNEVERN NN cables from
s ide cafot,y ca g are therno-
Lonpthe s speca s et torgye <haft
CAnnas o Ny tnernocoup e
wd sl G et tar torgue shaft
NOH-IN Yy ey
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=
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Figure 1.5.4
FLOWMETER
Flowrate was nmeasured using d

positive dispiacement flownmeter
with a frequency output. Pictured

is the FPL 10 cu. in/rev flowmeter.

e

ISt bkl

Lenhenadionaanl s




L WA B d Sl "Phe - ST Ll gl T i Ak S Shah Tl Sl B = Sl oA ML oA Sk * R i R R * s A Sl i S S i e Y S DA R el It T T T T S W W Y T T T 1—v~‘
. - . . T - . - . < Wt ML . o N - . A .

3 N
3 1 ‘
1 1

v.,
[
N, Ve

Figure 1.5.6
PRESSURE AND TEMPEARTURE TRANSDUCERS

Prossure and temperature measurements were made at the i1nlet
ang outiet of the test pump. The hose leading to the 1niet

of the pump was insulated to reduce temperature fluctuations
when yncreasing and decreasing the pressure at the outlet.

——
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Pgure .50

HYLEALT TC POWEE SdBPEy <EMOTE CONTROL
LONS UL

Atter the s ouaing wee started, control
of P gonit s e wa transferred to the
et pcon e i bowas Incated in the
test o b T gt it neecsyre of the test
gt v oo nidtea e gt the remote con-
I ook atchowo b cable snown center

+

L G el Poed Te trgger DAS for data

CEMA NN At T T e

Fagure 10504

HYDRAUL LC POALR SUPPLY CONTRUIL
CONSOLE

The 300 H.P. main control
console was used to start, <top,
and monitor the output of the
supply pump suppiying power to
the drive motor.
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(I cat dac it gesoription :
che et et b consisted of g hydraulie drive aotor coupled .
Tt tentopunp thru the torque shaft. Power to the drive X
: portoy was suppbyed by FPToo 300 HOPD main hydrauidc suppiy. g
‘ Aot rebief valve was used Lo control pump load presaure. ;
Aocorate thind conditioning circuit consisting of a circu- 3

fatainag oamp e eleclrical heater and heat exchanger was inttal-
e to o tablbish the required flutd temperaturs and contamination 2

vove arror Lo break-in testing.
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Figure §.5.11 ﬁ

TEST CIRCUIT AND COMPONENTS 3

Tt osoc o snowing drive motor coupled to test B

s vieeny torque shaft o The relief valve was i

¢ ot oo control pump toad pressure, %
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Figure 1.5 17

PLULD CONDITIONING SYSTEM

She aper o ag system consasting of reservolry with comically
et e ea, Piitery straaner, and electrical heater At oxtreme
Bt tos et e of photo o Lhe arrcalating pump. Heoat
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Gear Pump Test Procedure

I.6.1

I.6.4

Introduction

Before the eighteen gear pumps supplied by industry were tested,
the test system was qualified using one of FPI's gear pumps. Both

the hydraulic circuit and the instrumentation system were qualified.

Hydraulic Circuit Qualification

A twenty gallon cylindrical shaped reservoir with a conical bottom
was used to insure that no contaminant could settle to the bottom.
A diffuser was installed in the center of the reservoir just below
the o011 level which created a mixing action inside the reservoir
to keep the contaminants in uniform suspension. A separate fluid
conditioning circuit was incorporated into the main hydraulic
circuit for heating or cooling the 0il and to control the
contamination level. A three micrometre nominal filter was used
in the fluid conditioning circuit with a bypass valve so the

fluid could be either routed through the filter or around it.

When the fluid bypassed the filter, it went through a sixty
micrometre strainer to remove the large particles. The sample

tap was installed in an elbow in the return line after the filter
and strainer.

To qualify the system, the fluid conditioning circuit and the FPI
pump were run for several hours with the filter in the circuit.

0il samples were taken at selected intervals to monitor the
stability of the contamination level. The system was contaminated
with AC Fine Test Dust to the level required for the contaminated
fluid break-in and allowed to run for several hours with the
filters out of the circuit. Qi1 samples were taken at selected
intervals to monitor the stability of the contamination level. The

thermal stability of the system was also monitored during this time.

Qualification results are shown on page 28, fiqure 1.6.1.

Instrumentation System Qualification

The transducers and their related equipment listed in part 1.5.1
and calibrated as described in parts 2.4 through 2.8 of this report
were installed in the test circuit, figure 1.5.14. The outputs
from all the transducer amplifiers were connected to a single

data acquisition system which was completely controlied by the
operator. The data acquisition system was used as an interface
device to output data from the transducer amplifiers onto a paper
tape and teletype. The paper tape with the raw data was fed into

a Burroughs computer for processing.

Calibration of the instrumentation system was verified before and
after the break-in test on each gear pump. The FPI gear pump was
installed in the test circuit to check out the operation of all the
transducers, data acquisition system, and the teletype before
testing the eighteen gear pumps supplied by industry.

Deviations from Test Requirements

The actual test procedure foilowed is as presented in section
1.4.1 of this report for break-in of the gear pumps.
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Pestlts - Cyobic Break-1noand Two Hour Run

vo7.1 0 Method of Data Processing
Data was processed using FPI's LABCAL computer report Pro-
cessing Program. Prior to execution of this program, the

input information was separated into three categories of
data files:

. Transducer File (calibration data)
¢. Raw Data File (laboratory data)
5. Instruction File (data manipulation information)

Upon execution, the raw data file 1S5 automatically run through
the transducer file. This corrects the raw data, as recorded

in the laboratory, to standard engineering units and provides

tor calibration corrections. The resultant data is then math-
ematically manipulated to yield required information by means

of the instruction file.

Dutput information from LABCAL is in the form of graphically
siotted data, data tables, and summary data.

Jata Adiustments

[
Durireg the cyclic bredk-in, cnanges 1n the input speed to the 7
cutp vccurred due to different values of loading. With the
Virgest opump, the maximum 1oss in speed was 269 rpm (no-load
o tuil-load), or about 10. of Target Speed. Because of time
i1ty establisned for data collection, the tnput speed could not )
Geadlusted at each loading to a constant 2700 RPM.  This input »
peed drop-off o meant that the output flow also dropped off. These .
*ow valies were adjusted using a ratio of the target speed and ]
oy s medsyred speed: 1
9
avi {NT u“)/NA ]
S, furothe twe hour run were also adjusted to ’
“urolignt changes from the target speed using the }
treratloa. brocedure as in the cyclic break-in.  input ]
Senorcaen, for the two hour run were adjusted to cC .pensate ;
St ondarges i ooutlet pressure (less than 1 of target pressure) ]
cor e ratio far tne target pressure and the actual measured »
r PSR 4
SREE \[T Im//iﬂ
St tional torgue adjustment was performed to correct for :
o e readings affected by temperature changes within the torque J
g
o o/ 3=1704 Tabulated Data, the " of ideal torque"
vova ue ot TGO sinee the torgue Tnput o in the case of
coovurs ot be greater tndn that calcoulated on the
Cooaro b apiacermernt and outlet pressure alone.
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1.7.3.3 Graphical Summary ' _ i%
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1.7.3 TABULATED DATA - CYCLIC BREAK-IN

Pi

1.7.3.2 Contaminated fluid

Manufacturer Pump Code No.
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1.7.3 TABULATED DATA - CYCLIC BREAK-IN

ii 1.7.3.1 Clean Fluid

______ Ty

-4

- 100% due to input torque

- 100. due to outlet flow

outlet flow measurement

fe Manufacturer P mp Code No.
p
! ] 57440
]
\ 12566
: 25331
[ e 84378
e
1 2 56941
! 11458
% 16439
v
;‘G 05585
3 3 10281
¢ 63661
' 17453
g
18103
Note |:  Mechanical and overall efficienies
measurement error. Data should be ignored.
*_C Note 2: Volumetric and overall efficiencies
L measurement error. Data should be ignored.
; Note 30 Volumetric efficiency - 100% due to
. error. Data should be ignored.
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1.7.4.3 Tabulated Summary - Two Hour Run

Pump
Code #

58678*
44947*
12566
25331
84378
57740

*Pumps

Root-mean-square was adopted because 1t is 4 qgood medsure of the
degree to which a parameter varies from a desired or tarqet value.
For instance leooking at the table for manufacturer 1, 67 {RMS

of Deviation = One Standard Deviation 67. of all observations) of
all pressure readings on pump number 58678 lay within + 5 psi of
an average pressure level of 24398 psi.

The following data was calculated from a sample size of approximately
65 data points for each pump, taken during the steady state fwo

hour break-in run. Values of QAVE, TAVE, and PAVE were arrived at

by averaging the 65 data points for each parameter respectively.

Mfgr. |
RMS VALUES OF DEVIATION FROM AVERAGE
RMS RMS PAVE RMS NAVE RMS
(Q-QAVE) (T-TAVE) (PST) {P-PAVE) {RPM) (N-NAVE)
(GPM) (in-1bs) o (psl) 7 (RPM)
114 4 2498 5 2699 10U
119 5 2494 4 2700 |
.067 4 2498 l 2613 ¢
102 5 2489 3 2647
.051 3 2493 l 2696 }
.083 8 2498 5 2701 i

AVERAGE VALUES OF EFFICIENCIES

Pump Vol. Eff. Mech. Eff. Overall [tf.
Code # N ) 0
58678* 90.4 80.3 81.7
44947* 91.4 90.9 83.1
12566 88.1 93.5 82.3
25331 92 92.1 84.7
84378 90.1 91.7 82.6
57740 9G.72 91.0 82,1

broken in with contaminated fluid.
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[' Mfgr. ¢
i RMS VALUES OF DEVIATION FROM AVERAGE
g
-i Pump RMS RMS PAVE RMS
_ Code #  (Q-QAVE)  (T-TAVE)  (PSI)  (P-AVE)
‘ . AepkM) - (in-1bs) o (Ps1)
4 05585 530 12 2500 ]
- 11458 128 48 2495 14
M 16439 .497 1 2501 2
' 56941 . 080 12 2499 8
18593* .083 37 2495 18
64952% .028 8 2496 9
-
i AVERAGE VALUES OF EFFICIENCIES
' - Pump Vol. Eff. Mech. Eff.
Code # ) ooe)
05585 93.6 93.4
11458 93.5 95.3
16439 93.8 95.9
56941 91.3 96.6
18593* 91.6 82.8
64952% 95.1 92.2
*Pumps broken in with contaminated fluid.
—

u
Ca s mlalea MRS .- ._.;‘;A

RMS
(N-NAVE)
______ (RPM)

2710 49 :
2704 1
2707 50
2696 5
2697 5 !
2704 1

PR ST Y

Overall Eff.
_____ ()
87.4

89.1
80.0 |
9C.1
75.9
87.7
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Mfgr. 3

RMS VALUES OF DEVIATION FROM AVERAGL

q Pump RMS RMS PAVE  RMS NAVE  RMS
Code #  (Q-QAVE (T-TAVE)  (PSI)  (P-AVE)  (RPM)  (N-NAVE)

(PM)  (indbs) (sl (Rem)

; 63661 060 16 2474 4 2700 4
10281 084 24 2527 25 2699 7

(| 18103 555 17 2500 2 2715 49

| 17453 .478 18 2504 6 2714 43
08158% .12 9 2495 5 2697 8
17983  .034 10 2494 7 2696

AVERAGE VALUES OF EFFICIENCIES

. - Pump Vol. Eff. Mech. Eff. Overall Eff.

] ) Code # ) o) S U0 B

3 63661 91.4 88.8 81.1

- 10281 91.3 9.8 86.5

3 18103 90.6 9.1 85.3

E 17453 89.0 94.5 84.1 j?
: 08158* 94.2 89.1 83.9 :
! 17983* 94.4 93.9 88.7 h
; R
f”‘ *Pumps broken in with contaminated fluid. ‘
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1.7.5 GRAPHICAL DATA - TWQO HOUR RUN

1.7.5.1

Manufacturer

1

Clean Fluid

Pump Code No.

5774
12566
25331
84387

56941
11458
16439
05585

-52-

10281
63661
17453
18103
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1.8.2 CONTAMINATION GRAPHICAL SUMMARY

HISTOGRAM OF ROLL-OFF CLEANLINESS LEVEL TEST

Note: The data from one pump of Mfgr. 1 indicated that the
contamination level decreased from the beginning to
the end of the Roll1-0ff Cleanliness Level Test - that
data is omitted from this graph.
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1.9 Summary
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Operational and Technical Problems

During the course of this test program certain operational and
technical problems were incurred whicn are listed below.

1.

Electrical interfacing of the data acquisition system with the
hydraulic system. Because of "electrical noise" in the
laboratory from several sources, special cabling and shielding
had to be used between the transducer amplifiers and the data
acquisition system to insure accurate signal transmission.
Also power line fluctuations caused problems with the data
acquisition system until an isolation transformer was
instalied.

Triggering levels in the flowmeter calibration fixture were
found to be very nonrepeatable when the magnetic reed switches
and photo-optic micro-switches were investigated, so the
fiber-optic system was developed.

Several ideas were investigated in the development of the torque
shaft calibration fixture and found to be inadequate; the
pulleys, cables, and weight system didn't work because of bearing
lockup. Calibration of the air-cylinders revealed that they

were non-linear. Calibration of a 300 1b. Toad cell at 70 1bs.
full scale didn't work because of non-repeatability.

During the test phase, it was found that there was a calibration
shift in the torque shaft due to a thermal problem because it

was calibrated at the start of the test when it was cold and
checked at the end of the test when it was warm. A thermocouple
was mounted on the torque shaft housing to monitor and record temp-
erature rise versus time for the remaining untested pumps. An
equation was developed to correct torque shaft calibration due to
temperature rise. The correction factor was then used to correct
the torque valves on all eighteen pumps.
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1.9.2 Conclusions

1.9.3

1.

Currently no industry norms exists for the contamination level of
production test stands and the roll off cleanliness level of gear
pumps.

A buyer of pumps may gain some insight into a manufacturers roll-off
cleanliness level merely by requesting receiving and analyzing

an oil sample from his test stand. At this time, it is impossible
to state that break-in with contaminated oil is, of and by itself
detrimental to the life expectancy of a particular pump. The
results, however, do clearly indicate strong correlation between
test stand contamination level and roll off cleanliness. That is,
the manufacturer with the dirtiest test stand oil samples and

pumps which contributed the most amount of dirt added to the

MSOE system.

There was no measurable benefit or liability to the contaminated
break-in however, effects of contaminated break-in upon life
expectancy have yet to be evaluated.

Changes in overall efficiency in the first few hours is caused
primarily by changes in mechanical efficiency and not the
volumetric efficiency.

Manufacturer No. 1 had the least amount of overall efficiency
change, however, conversations with manufacturer No. 1 revealed
that there may be up to ten hours of running on each pump before
they were tested by FPI MSOE.

Although different break-in procedures were not investigated, the
pressure time profile used in this program is based on current
industry practice, and it must be concluded that it is a
sufficient process if followed by a few hours of steady state high
pressure running. Some efficiencies were still changing after

two hours, but these were not significant. The results indicate
that pumps with short running times do indeed undergo changes

in performance.

Any industry standard which aims at acquiring power conversion data
to be used in the market place should contain a requirement that
the pump be broken-in and then run in at high pressure for a total
of about three hours. There are indeed changes taking place inside
the pump and they appear to settle down after that period of time.
Premature measurement of power conversion data may result in a
difference in overall efficiency by as much as five percent,

a difference which in most cases results in an improvement in the
pumps' quality.

Frogram Status

Program activity concurrent with the submission date of this report

is in the High Cycle Rate Durability Testing phase as shown in figure
I.1.1 page 2. No preliminary conclusion can be drawn at this time

since the data coilected is presently being processed by the computer.
Results of the durability and endurance testing phases will be available
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in part III of this report to be published at a later date.

A review of the program effort by MERADCOM over the course of testing
has resulted in minor technical changes at their request in the life
test phases. Since these differ from those contained in the MSOE
proposal entitled "A Proposal To Conduct A Comparative Study of
Accelerated Life Test Methods on Hydraulic Fluid Power Gear Pumps”
dated 28 August, 1978, a revised block diagram of the life test
phases and current status is presented in figure 1.9.1 page

Recommendations

The results of this program effort will serve as valuable technical
inputs to future revisions of NFPA 73.9.17 Pump and Motor Test
Procedure and MIL-P-52675 Military Specifications Pumps, Hydraulic,
0il, Fixed Displacement. Viable standards in cognizance with the
needs of the US Army and the Fluid Power Industry will then be readily
available and insure the advancement of the "state-of-the-art" of
Fluid Power Technology. To this end, the following recommendations
are made based upon the knowledge and experience we have gained in

the course of this program.

1. Since both of the previously cited standards apply to both gear
and vane type pumps, the MSOE proposed additional effort shown
in figure 1.1.1 page 2 and outlined in "Proposed Modification
to Include Vane Pump Testing" dated 13 March, 1979 be pursued.

2. Develop a program for the 6 gear pumps from the Break-In program
using contaminated 0il to determine their expected lives. \

3. Direct efforts to promuigate and implement SAEJ1227 dealing with
the evaluation of roll off cleanliiness of hydraulic components.

4. Industrial standards which the US Army expects to reference in
it's procurement procedures should contain the break-in procedure
reported herein.

5. Speed droop during the cyclic portion of the break-in is difficult
to control without expensive feedback equipment. Any standard
should allow for a 10% drop-off in speed in going from no-lcad to
full-load. This 1is easy to achieve with an open-ioop pump drive,
corrections for this can be handled mathematically.

6. Because there are a number of reasons for speed variation during
the two-hour run, any standard should allow for a + 4% (2 standard
deviations, 95: confidence) speed variation, since flow can be -
corrected mathematically. '

7. Because there are a number of reasons for pressure variations 4
during the two-hcur run, any standard should allow for a L
+ 2 (2 standard deviations, 954 confidence) pressure variation, |
since torque can be corrected mathematically.
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PART 2.0

PROGRAM SUPPORT

Part 2 details the support work preceding the laboratory program
specifically: Development of the laboratory break-in procedure

and traceability, calibration, and verification of the measurement
system. The appendix contains the data for part 2. Since adequate
industrial standards already existed in the area of contamination
analysis and reporting, these standards were implemented and are _
considered sufficient. The standards implemented were: ]
. C
1. NFPA T2.9.1-1972, ANSI B93.19-1972 Method of Extracting 4
Fluid Samples from the Lines of Operating Hydraulic Fluid
Power System for Particulate Contamination Analysis.
2. NFPA T72.9.2-1972, ANSI B93.20-1372 Procedure for Qualifying
-ii) and Controlling Cleaning Methods for Hydraulic Fluid Power
Fluid Sample Containers. L/
3. NFPA T2.9.6-1972, ANSI B93.28-1972 Method for Calibration of ]
Liquid Automatic Particle Counters Using AC Fine Test Dust.
4. NFPA T2.9.3-1973, ANSI B93.30-1973 Method of Reporting :
Contamination Analysis Data of Hydraulic Fluid Power Systems. ié
3
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I Literature Search Results

2.

2.
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Introduction

A literature search was conducted by surveying various technical
sources of information such as universities and professional
technical societies to determine if any work has been previously
done in areas related to this contract effort. This section
contains a listing of the technical papers compiled during the

Phn i 'Vv“_l"‘fv'*vvj

P

._Aone

courses of this contract.

Contamination Papers

l.

A New Theory for the Contaminant Sensitivity of Fluid Power
Pumps 0SU paper no. P72-CC-6.

2. Analysis of Hydraulic Fluid for Chlorine Containing Contaminants
ASLE transactions volume 30, 10, 506-509.

3. Contaminated Lubricants and Tapered Roller Bearing Wear
ASLE transactions volume 20, 2, 97-107.

4. Determining Contamination Levels in Hydraulic Systems
ASLE 24th annual meeting May 5-9, 1969.

5. Lubricant Contaminants and Their Effect on Bearing Performance
SAE paper no. 750583.

6. Pump Contamination Sensitivity Versus Operating Pressure
0OSU paper no. P74-43.

7. Speed and Viscosity Effects on the Contamination Sensitivity of
Hydraulic Pumps OSU paper no. P76-4.

#. The Effect of Contaminated Lubricants Upon Tapered Roller
Bearing Wear OSU paper no. P74-57.

9. The Evaluation of the Air Enteraining Tendency of Fluids.

{0. Verification of the Pump Contaminant Wear Theory Part 1.

0SU paper no. P76-5.

Filtration Papers

1.

12.

Choosing a Full Flow Filter Element for Industrial Hydraulic
Fluid Power Systems ASLE 21st annual meeting May 2-5, 1966.

Suction and Pressure Line Filtration; Proper Selection,
Installation, and Maintanence. ASLE 21st annual meeting
May 2-5, 1966.

[nstrumentation Papers

13. Application of infrared Spectrometric Techniques to the
OQuantitative Analysic ot Hydraulic Fluids ASLE tran - tions
volume 13, 99-104.

Jata Acquisition Technigues far Fluid Power Systems
0SY paper no. P73-5P-5%,

Frequency Output Pressure Sensors Based on an Application of
Surface Acoustic Wave Technology. SAL paper no. 760093.
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16. Some Applications ot t
Studies ASLE transact

ne Scanning Electron Microscope in Wear
rons volume 31, 10, 521-529.

7. Tne Answer to Low Cost Jata Acquisition O0SU paper no. P73-RQ-3.
Wear Papers
18. Analysis of Tapered Rolier Bearing Damage ASM report no. C7-11.1.

19. Applied Wear Anaiysi,; A Review of Some Performance and Life Tests
on Hydraulio Fumps  OSU paper no. P71-SP-5.

20. Bearing Bronze Wear 1n Hydraulic and Lubricating Fluid
Environments ASLE Transactions volume 28, 408-411.

21. Effects of Rear Axle Lubricants on the Fatique Life of Tapered
Rolier Bearings SAE paper no. 760329.

22. Friction, Lubrication, and Wear in Machinery U.S. Dept. of Commerce
NTIS AD-749 086.

23. ldeas and Hypotheses on Plain Bearing Failures ASME paper no. 77DGP-13

24. Relative Wear Resistance of Metals Under Hydroabrasive Wear
U.S. Dept. of Commerce NTIS AD-747-668.

25. Tribological Interaction Between Piston and Cylinder of Model
High Pressure Hydraulic Pump. ASLE transactions volume, 18, 1,
21-30.
Miscellaneous Papers ]

26. Compiled ASLE Transactions Volume 30, Number 3 July, 1977. )

27. Compatibility of Hydraulic Systems Material ASLE transactions
volume 32, 6, 299-305.

28. Selecting and Installing the Hydraulic Pump. ASLE 19th annual
meeting May 26-28, 1964,

b

29. Test Techniques for the tvaiuation of Lubrication Effects on 5
Axle Break-In Temperature. SAE paper no. 760327. N

5

Conc lusions A
. . . . -

The above papers were reviewed and 1t was determined that Tittle work S
has been done in the areas of universal break-in procedures, break-in ;
using contaminated fluid and long term effects of contaminated fluid 1
on the 1ife of hydraulic pumps. ]
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2.2 Break-In Procedure Survey Sumindry

2.2.

]

Introduction

[n course of tnis proyrar, 32 manufacturers were surveyed by
mail to determine the break-in procedures they used in produc-
ing gear pumps. The respective manufacturers surveyed were se-
lected from those listea as producing gear pumps in the Hydrau-
Yi¢s and Pneumatics magazine Designers Guide to Fluid Power
Products. The results of this survey were later analyzed and
served as the basis in developing a general procedure as fol-
lowed in this program. Survey results are contained in appen-
dix F.

Results

Survey results indicated considerable agreement in the break-
in procedure used prior to qualification testing. Most com-
panies (61.5.) reported having a criterion for determining the
pump break-in point. The procedures were based on laboratory
studies {69.2 ) and experience with the product (76.9%) in
most returns.

In {78.6 ) of the returns, the breek-in cycle was conducted at
constant speed.  The constant speed selected was 1800 rpm in

4 cases, rated speed in 4 cases, and some other speed in the
remaining 2 cases. It was observed in the majority of responses
that constant speed was established quickly but some companies
increased the speed slowly or even incrementally to that re-
quired for break-in. Outlet pump pressure was varied in (69.2%)
of the responses. The procedure ranged from continuously vari-
able to "spiked". In most cases, pressure was increased in
steps with 3 as a minimum to 7 maximum. The respondents unan-
imously reported not using a constant torque condition.

Total elapsed time of tr. procedure ranged from 10 sec. to 9
min.  Typically the procedure was concluded by evaluating flow
at a particular speed and ivad pressure.  The unit was accepted
if 1t met specifications or historical limits.

In 3 of the 13 returns, companies reported using different proce-
dures for individual pump desians. Otherwise, the indication is,
that manutdcturers apnlied 4 particular procedure to their entire
pump product line.

The toltowing 1S a ~arwias © of otner informition also reported in

the hreak-10 procedure Survey:
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Contarnnation: oy
sdter Content: o]

inoaddition to requesting specific Information concerning the
break-in procedure, opportunity was provided to survey the con-
dition of fluid uced in uroduction test stands. Five companies
agreed to submit oil sampies and a result summary appears on
the folloe ing paye.

The contaminaiion levels were significantly higher than expect-
od based upon ovur experience with those we have normally en-
countered in hydraulic systems. With respect to water content,
low levels were observed in all samples tested.

Since no standaras exist for atomic absorption, conclusions drawn
are intuitive. 0Of the metallic tons enalyzed, copper and lead
were observed in high concentrations when compared to the other
elements.  This is not surprising since these elements normaily
comprise hearing materials. The indication is that portions of
the pumps comprised of hedaring materials are seating or wearing
in.

While nigh concentrations of zinc were reported in all cases, this
is an anti-wedr additive found in many commercial hydraulic oils.
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PRODUCTION TEST STAND OIL SAMPLE RESULTS

The range and average are the results of a total of five
Manufacture's 0il samples. Each of the three individual
manufacturer's results are presented also. 0il sampies

were submitted by respondees to the gear pump break-in
procedure survey.

TABLE 2.2.1

CONTAMINATION ANALYSIS RESULTS SUMMARY

A S M S B 2 e 3

L20as - Bl 2t Mo

: o
Particles Per Millilitre Greater Than
The Indicated Micrometre Size
Water
Rttt Sl tenttis ni i S . Content %
10 20 30 40 50 By Volume
— — 0
Range 427-17081 64-2073 8-471 4.4-168 2.8-74 .008-.016
Average 6268 556 135 183 25 L0112
Ml 1135 168 48 18.2 8.7 0.013
M2 4156 400 128 64 35 0.01
M% 17081 2073 471 168 74 0.008
Ml Migr. |
M, Mfgr. 2
M. - Mfqr. 3
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{ PRODUCTION TEST STAND OIL SAMPLE RESULTS

}

[
The range and average are the results of a total of five manu-
facturer's o0il samples. Each of the three individual manufac-

. turer's resuits are presented also. 0il samples were submitted

by respondees to the gear pump break-in procedure survey.

TABLE 2.2.2
ATOMIC ABSORPTION ANALYSIS RESULTS SUMMARY

B Rk

S PP UL P

=
Concentration Metallic Ions ppm by Weight
b
Al Cu Fe Pb 7n Si
Range 1-9 .5-56 5-14 1.5-97 400-650 2-6.
E Average 2.58 27.50 6.10 42.30 534 4.40
¢
ZP M, 9 56 5 65 650 6
5 ___Tz__ 0.1 39 14 97 500 5
. My 0.3 30 8 34 500 4
1 W S —_
M) = Mfgr.
b,
r M2 * Mfgr 2
@
S M3 = Mfgr. 3
" -87-
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2.3 Assessing Data Accuracy 1n Fluid Power Testing

-~ 2.3.1 Justification for Measurement Accuracy

kg Su'le oud
q [
Py Coe

The basic motivation for examining measurement accuracy is
the realization that the results of an experiment are no
better than the measurements made. The purpose of collect-
ing the data (measurements) is to provide a data base for
action or decision. This leads to additional pressures to
assess measurement accuracy, however, accuracy should not be
any greater than that which is needed to decide on a course
of action with reasonable confidence.

The current climate of social and legal influences as re-
presented by the courts, the legisltatures, and consumer ad-
vocacy groups are demanding better and safer products, so it
is necessary that we have more reliabie test results. De-
cisions can then be made regarding the quality of the product
under test and those decisions can be made with reasonable
confidence.

‘ A ' r o
a . ‘.
- '

b
[
h
T. The accuracy and validity of any conclusions formed as the
result of experimental work depends upon the validity of the
various measurements made during the experiment. Since the
measurement process basically involves comparing an unknown
quantity to a known one, there exists a need for universally
recognized and accepted standards. Instruments used in the
jaboratory and for that matter commerce, are calibrated a-
gainst a standard. [In the United States, the National Bureau
of Standards (NBS) serves as the source of universally recog-
nized standards. Through various agencies, these standards
find wide acceptance in commerce. For example, state agencies
routinely inspect supermarket weight scales and service station
gas pumps for accuracy traceable to NBS. However, evidence
exists that maximum use of traceability to NBS is lacking in
some Fluid Power testing laboratories. There exists a poten-
tial for growth in this area. Currently the National Fluid
Power Association is in the process of re-establishing a
measurements project group and is including traceability re-
quirements in the scope of i1ts work.

However, the existence of standards for calibration is not
totally sufficient. In calibrating instruments, there exists
a difference between an instrument's accuracy and its preci-
sion. Accuracy refers to confidence in close correlation be-
tween the same measurements in one location and another, or
between a nmeasurement and a recognized standard all with the
same result.  Precision, on the other hand, implies careful
measurements under controlled conditions which can be repeat-
ed adain and aqgain. Precision then is related to confidence
In SuCCesSive measurements with the same equipment and oper-
ating conditions. It is entirely possible to have precision

<.
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2.3.2

2.

3.

3

without accuracy. Ideaily an instrument should possess both
attributes and the purpose of calibration is to verify this.
More will be said on this subject later.

Sources of Errors in Measurement

While instrument calibration is a prerequisite for accurate
measurements, other factors do influence the results. A brief
review of some of these is appropriate but we will not dwell
on these.

Certainly the type of measurement made will affect results.
There are basically three types: A primary measurement is one
that can be made directly, with no translation of the measured
property. An example of this is the measurement of linear
dimensions with a ruler. A secondary measurement involves one
translation. The measured quantity may not be made directly.
An example of a secondary measurement is a Bourdon tube pressure
gauge. Pressure is translated into a scale movement. Tertiary
measurements involve two translations. A typical example is
the measurement of rotational shaft speed using an electric
tachometer. In this case, speed is translated to voltage and
voltage is translated to a scale movement on the meter readout.
[t is obvious the possibilities for error increase with the
type of measurement made from primary to tertiary.

In general, it is possible to classify measurement errors into
four types: observation errors (human error made by the obser-
ver in reading a scale and pointer), translation errors {instru-
ment originated, for example inertia and hysteresis effects),
signal transmission errors {such as a voltage drop along the
wires between transducer and readout), and instrument location
errors (an example of which is ignoring an elevation difference
between pressure gauge and tap). In application, other factors
as the test procedure used and degree of control of parameters

in the experiment will effect the final test results and there-
fore the conclusions drawn. These will not be dealt with further
here but are included since acknowledgement of their existence is
important.

Assessment of Measurement Accuracy

As we have just observed, there are several sources of error
possible in physical measurements. [t is usually desireable to
distinquish between systematic errors and random errors in
calibration processes. First we shall define what is meant by
systemdtic errors.

Systematic errors are those which remain constant through all
repetitions of the measurement process and produce a drift, trend,
or other predictable pattern among repeated measurement results.

N o N )

Vo
.A..AL.._AAA s

-!L




et AN N - Al - - i D ‘S Bl A AR R e 2 i i o) St S e A A S, W et Sl Jenlh dhl WA Sl it E ™ AR Sl i i - . - - ey -

B 25 adirane

Ty

They are not ordinarily evident from an examination of the
data but are detectable by making comparisons to a standard
~ or with results from other processes or methods.

[
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1 Random errors on the other hand can be defined as non-system-
atic and are exhibited in repeated measurements of the same
quantity varying in an irregular manner without a discernable
- or predictable pattern.

In the calibration procedure to be defined later, these errors
are taken into consideration. The important point in consider-
ing these errors though, 1s to use them as a criterion in in-
strument selection.

L ) e

Y

Typically, Fluid Power standards require instruments to be se-
lected which are accurate within +2%. This is somewhat nebu-
lous because a percentage is a ratio of two numbers, and if the
standard does not specify the source of both there is no way

to implement the criterion. In 1973, the M.S.0.E. Fluid Power
Institute surveyed over 180 industrial Fluid Power Labs through-
out the U.S. and reached several revealing conclusions.

. NN

-
W\ JYra.

First, there is no way to effectively prove or disprove a given
accuracy claim, and second, even though different labs used
similar instruments, their accuracy claims differed by as much
as 10%. Today's standards explain the test procedures, and
sometimes spell out the circuit and exact equipment. They also

~— show how data is to be presented but they offer no assistance
in assessing the level of accuracy achieved or how to arrive at
the required accuracy level.

TR

As a minimum, calibration must prove the instrument to be re-
peatable to a degree less than the end accuracy required and
d in a cost effective manner. The instrument manufacturers and
{ metrologists have developed calibration standards which are
! necessary to evaluate intrinsic errors of the instrument only.
{ The instrument users have developed test procedures based upon
Fluid Power needs, and in them have stated the end accuracy
. needed in the measurements specified. As a result, the labor-
F! atory is required to bridge the gap between the end accuracy
‘ specification and the instrument manufacturer's specifications
by engaging in what must be construed as the black art of test-
ing. What is needed is a procedure which addresses the evalu-
b . ation of instrument accuracy through calibration prior to use
in testing.

B SNSRIy, e
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When this procedure is developed and accepted, it should be

incorporated in individual test standards Since each carries

its own accuracy and instrumentation needs based upon the na-

ture and use of the physical quantities to be measured. But

before further progress can be achieved in developing this pro-
¢ cedure, a controversy which currently exists in the standards
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arena must be reconciled. This controversy relates to the
, use of percent of reading versus percent of maximum measured
L~ value in assessing measurement accuracy. This leads to a
‘ logical question, what is the difference. Let me explain.

- Percent of reading requires that all measurement be within the
a stated accuracy required and necessitates that the instrument

- pe changed as the measured value rises and falls. Its only

' advantages are that it prevents an overranged instrument from

being used near the bottom of its scale and it is easy to spe-
cify. But these advantages are overshadowed by the impracti-

cality of tne concept. In many tests, the instrumen® may not

be conveniently changed particuiarly when dynamic measurements
are being made over a large range of values. Also, one has

to pose the question, why is one ten times more interested in i

faaAWL

say the flow out of a pump when it is operating at 10% of rated
speed than one is when at full rated speed? It is hard to con-
ceive of a situation where one would be.

Percent of maximum measured value on the other hand is practical,
economical, and represents current industrial practice. This )
concept however is easy to implement but difficult to document. i

From a knowledge of the component to be tested, the nature of ;
the test, the maximum value of say, flow, is anticipated and

a flow meter is selected. The selection criterion is based |
on formulas which use instrument design features, calibration i
data and accuracy needs. Once selected, the flow meter is not *
chan;ed throughout the test regardless of how low the flow may *
go. We advocate adoption of percent of a maximum measured value
as a data accuracy requirement. Again each test standard though,
must have its own accuracy requirements and instrumentation needs. 1
fach must be considered as an individual entity. Although this

sounds complicated, it reflects what is being done in industry

today and it's not all that complex once you get into it.

2.3.4 Proposed Approach to Assessing Measurement Accuracy

The approach we are proposing for assessing measurement accuracy
bridges the ~ n between instrument manufacturers' specifications
and the end accuracy needed in the laboratory measurement process.
We are proposing a procedure for instrument calibration which
develops a4 mathematical model and then assesses the amount of
calibration error. The total error arrived at in this procedure
is the sum of the reference standard error, calibration error,
and readability error. Whiie metrologists may argue about how
to classify these errors as either systematic or random, we are
proposing to add them linearly but further work is obviously
needed.  Details of the procedure may be found in appendix G

but let us now review some of the general concepts.

" Y VTR WU W

The tirst errgr we dare concerned with is the error of the reference i
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stdnddrd used In Calibrating the working anstrument.  This error
I vdsily obtained eliher from the manufacturer or certifying
agency who provided certitication traceable to N.B.S. on the
standard.  The reterence standard error 1s usually the smallest
ot the three errors we dare concerned with,

The calibration error is, as its name implies, determined through
a calibration comparison with the reference standard. This com-
parison 1s made at each of 10 equal increments of the maximum
value of measucement expected in data collection. It should be
recognized tnat only it ¢ number of repeated trials at each
increment dare conducted, only then can a trend be established
and the existence of any difficulties noted. Therefore five
trials for each measurement increment are performed. If a work-
ing instrument is known to be subject to hysterisis effects the
five trials should be performed for both increasing and decreas-
ing values at each incroment,

Having collected the necessary calibration data, the calibration
error mdy now be determined using one of the four following math-
ematical models. The first order model makes direct use of the
indicated value of a readout device without resorting to any
corrections. In other words, the instrument and readout device
are the model.

A second order mathematical model assumes that the indicated
value 1s related to the actual valtue of a physical variable and
any influencing environmental factors through a formula of the
form,

L ; K
Actual Vatue bov 7 byx (indicated value)

where £, s one of nointfluencing environmental factors, f (E.) is
the fun@tional manner in which £. affects the measurement of the
actual value and a. is a linear doefficient which affects the
degree of effect.

f(Ei) may be determined by any one ot the following methods:
. Use acceptable theories.

J.oo lise empirical data an measured dovaing controlled experiments
during Working Instrument Calibration.

|
|
i
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3. Use manufacturer's data, such as, for instance, zero
shift due to temperature, or span shift due to viscosity, .
etc. ]

4. Ignore Environmental factors when they are brought into
sufficient agreement in the Measurement Situation with the
values that existed during the Calibration Situation.

5. Ignore Environmental Factors which are known to have an
insignificant influence upon the Indicated Value.

N TN

Evaluate by, bj, and a; using linear regression on all data
from all trials of calibration conducted.

A third order mathematical model makes use of a point to point
correction under the assumption that corrections are linear
when tie indicated values in the measurement situation lie
between datd points used during the calibration situation.

—l

The fourth order mathematical model accomodates complex math-
ematical functions which relate the actual value to the indi-
cated value and any influencing factors. It has no specific
general form.

i B
e

The calibration error then, is determined by either first im- -4
plementing the model or using the data directly to find the
differences between the mean value of the 5 trials and each
trial value for all calibration increments. The standard de-
viation of all the differences is then calculated. The cali-
bration error is equal to two times this standard deviation
for a 95 confidence level.

9

The final step before the total measurement error can be eval-
uated is to ascertain the readability error (RE) in the read-
out device. Here however, 1t 1S necessary to distinguish be-
tween analog and digital devices. Of the two types of readout
devices, the digital error 1s most easily determined. Its value
is equal to the smallest change in the lease significant digit
or the smallest integer change possible for the particular read-
out.

:
—

. SO

The readability error for an analoq device is calculated by using
the following formuia:

Value of the Smallest Scale Division
(RE, x RE, + 2)
‘¢

pE -

. .’. -
P 2008 W Ad A A A & 4

i

where REp and RE, are determined from the properties of the read-
out device in the foliowing manner. [t is assumed that the in-
strument is equipped with a parallax error minimizing feature.

A JOER
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RE} 1s determned by tinding ~ne widin of the smailest scale
division (W) in mm and substituting in the appropriate formula
below;

RF] 3(1 5U‘5-I']w) e U.5 mm
RFI v W 0.5 mm
REds determiined in the toilowing fashion. First estimate

the width G tne pointer to the nearest (.25 mm in the region
on the pointer where tne reading is interpreted. Divide the

width of the smaliest scaie division found previously by the

pointer width to form the ratiod.  Calculate RFp by using the
appropriate formula as determined by the value of a_;

[T B >
e, 1 -edolld oA > 1.0
RF, = U A 1.0

By adopting the procedures set forth in this paper, a practical
means 15 provided for dassessing data accuracy. The suitability
of an instrument for use in a particular measurement situation
may also be determined in a practical manner. If the total

error as determined in this procedure does not exceed the accur-
acy required in the measurement situation, regardless of where

in the instrument's range measurements are made, the instrument
is considered acceptable for use. Scientific evidence then forms
the basis for judging the suitability of instruments instead of
rules of thumb for example, do not use an instrument for measure-
ment, below 25 of full scale.  Any instrument can be used in

any portion of its' usuable range if it can be demonstrated that
it meets the dccuracy requirements.
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2.4 rFressure Calibration

2.4.1

2.4.2

N.B.S.

iADj_sia_n_c’g_’; Manning, ‘{ FPI

! | Maxwel] | Dead Weight
| i and i Pressure > Tester

f - Moore Inc. E

 Weight P |

Introduction

The usual method for measuring pressure is by secondary
measurement, using a pressure gage to translate pressure
into a scale movement or a pressure transducer which trans-
lates pressure to a proportional voitage. Hence, daccurate
calibration is a necessary prerequisSite to accurale pressure
measurements .

2.4.1.1 Definitions
Pressure is defined as force per unit area and is
measured either in units consistent with this or
in terms of an equivaient head of some standard
liquid. When a fluid is at rest, the pressure
within it at any one point is omni - directional
(Pascal's Principle), but definite directional
effects exist within fluids in motion. The main
difference between a pressure within a static fluid
and a stress within a static solid lies in the fact
that the stress will have definite direciional e-
ffects, wnile pressure will not. The calibration
work described here concerned itself with static
liquid pressure.

Traceability

Pressure 1s traceable to N.B.S. thru an Ashcroft dead weight
tester type 1305, certificate of accuracy number 2GH-21398
from Manning, Maxwell, and Moore, Inc., Stratford, Conn.
dated March 30, 1978. Accuracy is certified to one tenth of
one percent.

2.4.2.1 Source Flow Chart

FIGURE 2.4.1
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2.6.3.2 Procedure for Calibration of Lab Reference.

NOTE: In order to establish consistency with the
Wisconsin Dept. of Agriculture calibration
methods, the displacement volume was cali-
brated using water.

The problem here was to determine the volume, within
the volume calibrator, that corresponded to the upper
and lower slots on the flag. Also, to determine the
repeatability of the liquid level at which the trigger
circuit would fire at both the upper and lower slots.

To test for liquid level repeatability, an upright
plexiglass tube with a needle valve shut-off was
attached to the side of the volume calibrator.

With the needle valve open, the volume calibrator was
filled with water until the upper displacement trigger
level (lower slot) was reached and the level detection
circuit had triggered. Liquid was drawn up the plastic
tube using a vacuum pump. This lowered the liquid level
in the volume calibrator to a point below the trigger
level. The vacuum in the displacement tube was re-
moved and the needle valve was closed maintaining the
height of the water column. The needle valve was
opened to allow the liquid level in the plastic tube

to fall (liquid level in the volume calibrator rose).
When the start signal from the trigger circuit acti-
vated, the needle valve was quickly shut off and the
liquid level in the plastic tube was marked. This
procedure was repeated nine more times. An arbitrary
datum, on the plastic tube, was selected and the dis-
tance from the datum to each of the ten recorded levels
was measured and an average was calculated. The liquid
level in the plastic tube was adjusted until it reached
the average value of the ten trials, then the needle
valve was closed. This was designated as the best
estimate of the upper displacement volume level.
(Standard deviation of the upper level trigger points
was 0.86 cu. in. out of 9333 cu. in.).

The next problem was to determine the net volume between
the upper and ltower limits. Using the Seraphin buckets,
eight 5 gallon measures and one 1 gallon measure total-
ing 41 gallons were removed from the vo'ume calibrator
(the needle valve was closed). This dropped the 1li-
quid level below the lower trigger point, meaning that
too much was removed. An addition of 2000 c.c. volume
of water was put back in to compensate for some of the
overdraft. At this point, the trigger was impending but
not actually reached. The needle valve was opened and
the water level in the plastic tube was allowed to fall
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Figure 72.6.1
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Traceability Flow Chart
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Flow Rate
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S Counters : -

Station Time/Frequency

Figure 2.6.2

Z2.6.3 Calibration of Laboratory Reference

Lab Referance - The laboratory reference 1s a stand-
pipe flow rate calibrator. It consists of two 55
gallon drums welded together with the tops cut out

in order to make one long container. The lower half
conditions the flow, i.e. dampens the momentum forces
and straightens the flow pattern. The upper half con-
tains the displacement volume. A float was placed in-
side the barrels to help define the upper boundary of
the liquid Tevel. Also, this float was used to sup-
port a flag with horizontal slots. The distance be-
tween the upper and lower slots corresponds to the
calibratea displacement voiume inside the barrels.

A photo electric detector consisting of a light source,
fiber optics, and a photo conductor were used as the
triagering mecnanism. The 1ight source was positioned
in front of the flag and as the liquid level rose, the
upper slot passed the photo conductor permittiing light
through. This provided tne start signal for the in-
strumentation. The stoo signal was initiated when

the lower slat passed the photo conductor.
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2.6

)]

1\

Fiow Calibration

2.6.1

2.6.2

Introduction

Flow calibration on the working instruments was perfornmed
using a "time-volume" 1iquid flow calibrator. The method
employed is called a standpipe, or level sensing method
and the flow rate is determined by measuring the time re-
quired for the liquid surface to travel from one predeter-
mined level tr another.

2.6.1.1 Definitions
1. Flow Rate - The volume of a fiuld passing
through a conductor per unit of time.

2. Flow Calibrator - Contalner with caiibrated
volume and a system which provides d start
and stop signal to determine the interval of
time required for the fluid to be displaced
into the calibrated volume.

3. Displacement Volume - The calirhrated volume
of fluid to be displaced into the flow cali-
brator.

Traceability

Frequency - Frequency is traceabie to NBS through ABC
Television Network and N8S. Time and Frequency Bulletin
No. 250 September 1978. Accuracy is certified to 3 parts
in 1 million.

NOTE: Because of the relationship between time and fre-
quency (f- 1~ the error is assumed to
period (time)
be the same whether using time or frequency. See
paraqraph 2.5 (Frequency Calibration).

Volume - Volume is traceable to NBS through Seraphin 5
gallon and I gallon test measures, through the Wisconsin
Dept. of Agriculture - Weights and Measures Laboratory.
Wisconsin Test No. 816 dated February 2, 1978.
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2.5.4 Results
N8S has to measure all these signals as they occur and publish
the result after the fact. However the atomic clock drift is
so little and the standard offset is very rarely violated ex-
cept for component failures and down time which is published.
2.5.5 Conclusions

2.5.5.1 Uncertainty of Laboratory Reference Standard is
1.1 x 1073 hz.

2.5.5.2 Uncertainty of Working Instruments

Counter No. Uncertainty
1985 1.1174 x 1078 sec
3869 2.5142 x 107° sec
3870 8.3809 x 1077 sec
3874 8.3809 x 1077 sec
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the dnverse of Lhe Frequency recorded at calibration time.

Bty Lhe Lime zone you are in anth Lhe aporaprial o voes
townich the calibration was performed, road e af o

Ciated in parte gl

Fhis number should oniy vary from {-30007. whien 1,
tne ideatl number {Lhis corresponds Lo wxactiy
357954450 HZ ), by only + 10 parts; .o (-3010)
to {(-<990} parts an 10, This variation 1< su
cmall that it only affects the 12th digit.

Correct the color subcarrier frequency at calibratyon,

time using the relative offset for the same Lime
period and compare this number te the number rocorded
from the Frequency counter at calibration time, 1o
determine calibration traceable to NBS.

dqet Lime traceable to NBS, one merely has to Lake

Figure ¢.5.1
COUNTER CALIBRATION

Frequency counter caltbration
using the 3.58 MHZ frequency

test point available from the
coior television set.
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} 4. Wart, up e D roausiagy woultiter Tar gt tealloan nodr K]
. IO UG CaLibrdtio, At 1% very nportant because Q
i‘ N~ 1T dliows Droper stapilizanion of tone anternal clonk. b
g 5. Prior tu cabspration order the NBS monthiy Time

. and Freguency Measurement Publication report tor the

- next month.  Sece Appendix 8 for address.

L o

This 1s an official publication of the National

i Burvau of Standards and is needed to verify the

coCurdcy 01 Lhe Calibration on tne day that 1t was

4 pertormed. 11 contains a 1ist of row far off from
e center freguency ine color subcdarrier was for

the particuidy dday, 4and for tne particular network

:A used.

sitner an ABC,

Tuns: e o Or Leaevinion et o
NBC or CES networe progras, sucn as ABC Cvening News,

,
, . . N . b
B8S Wednesday Night Movies, NBC Tonight Show etc..
. r
Be sure to have a Sharp »icture {or a good, well ]
defined wavetforn when viewing the color subcarrier
t on an osciilascope).
4 p
( 7. Connect the set to tne irenuency counter to be i
! calibrated, observing 519nai and ground connections. 1
y Adjust the inuut triqggering level until a properly
locked 1n signai is obtained. The counter should 1
! read 35795454 HZ + 1 count on the jeast significant digit.
8. Adjust the counter o redd 35795454 (repeating) by . o
~ tuning the crystal osciliator toading capacitor. This ~
is the Fine Frequency Adjustment on the counter and 1
is cleariy accessibie and labeled on most Frequency 1
counters. -
9. You can now ussufie tree Prequency counter to be
tenativeis caibrated and ready for us. It is very q
mportant o tay cne freguency count witn the following ]
Informat 100 Lo Se viiy L needed at oa later: :
Ao Date Calibrateq
B, Time caiibheates K
C. Networs ool for oo &
oo Prograning gt Wt cd L abhretion, 1
THIS Jald wilt e needeg b vt accuracy of the
COvur subtarrier e et oihration an the -
following tidnrer: -
Ao See Appendix b paye tein renort . ;
B, The pledsurement oeriaas s ted are an actual =
Sample pange tears P N T g Frenaency
bultetie tor Ao, 0 ot ‘
R
L)
g :

.
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A prescaler is an ejeCrtronic counting aevice wnich divides
high frequency by a factor, usually an integer powe{Oof two

(20). A single device may provide division up to 2'Y counts

input per every count output.

The same calibration would be odtained with ¢ crystsl refer-
ence but to a iesser accuracy, up to one part in 107 reiiably
which is traceable if tne references are maintained calibrated
to NBS at regular suggested irterva:s. This intervai is dic-
tated by the drift rate of tnpe crystai reference, usually given
in parts 107 to parts in 101} per day.

There s a way rowever, to obtain a usedbie reference signai
whose frequency is from an KBS tracedable cesium or ryoidium
source. This signal 1S the color frequency sudbcarrier for
color television which 15 under stroit NBS supervision an
must be within a strict tolerance of plus or minus 4 x i0 !
parts. However, tnis figure is based on an averaging of 150
hours per week and cannot always be expected to be this small.
The deviations from 3.54 megahertz NBS coior frequency for the
three major networks @Yc publishea monthly and are given in
parts deviation in 10''. Note rthat tne standard offset is
minus 3000 parts in 1G1i. Sce the sample from the February
1979 issue of the NBS Time and Freguency Bulletin in appendix
B. This publication is available from the Department of
Commerce, NBS, free of charge. See appendix B8 for address.

The color frequency subcarrier is avaiiable from the output

of the color demodulator circuit in any color television and
one must refer to the schematic for the television in question
for the proper pickoff joint, usuaily ciearly shown. However
note that the program on n2 S2t Tyt Originate at the major
network, in other words tne prograr nust be d network movie or
news broadcast and not a 10cCa’ Station Droyranm or Show.

2.5.3.1 Procedure
1. 0Obtain any work: ng oo,0r [e evisIon recelver.

2. Record the indke, mode. nutder and year of the
television sel dnd Sond tnls data to Sam's
Photo fact Compary 1O ubtarn an eiectrical schematic

{

diagram of thne unit.  See Apoongix B for address.

3. Unce the ¢ .sCtrica: ~ofetat o has been gbtdined, a
qualified fechnl vurn can tind the ogutput of the
Chroma Demoduidator circuit. Tnis oircuit 1ocks on

to the received colcr reforerie subcarrier signal and
feeds 1t to the cutpus ¢ thne S drcait. A number 18

AWG lead srould be Soageres to tnis poiat and brought
to the ocutside of fre weieyinion cet. Tnmis dedd s
Lhen connected withn tne aporGariate ground to the
frequency counter fo b caiibratod.




\ Sma ABn a4

MCHE aat o et ane Smr an o

w

———

would be a very goud Cooveiat.on petwesn the pieces of
equipnment .

However 1t one needs tne Yull accuracy of the atomic
reference, up to plus or mings 3 x 10 ! parts there will
be disagreement cven in the atomic clocks. But a more
common case is that most peopie (companies) cannot afford
an atomic reference ond usuaily have at best a stabilized
crystal in their lan, wnicn 5i!1 disagree at normal accur-
acy levels at one part in Lo/ which wouid cause disagree-
menfin most norma: tet oquipment.  This problem of non-
correlation between teut oquipment and various lab cai-
ibration reforences seems very giscouraginag and even un-
solvable.

However the federda. government ana industry saw the need

for a solution to tnis problem, possibly a place which would
contain a master reference (clock) from which all references
could be calibrated and likewise all counters and timers
would be calibrated trom these secondary references. Both
these secondary references and the equipment calibrated from
them could be termed traceable to this master reference clock
and theretore would al' correlate within their inherent
accuracies and all measurements made with traceable gear
would also correlate.

As mentioned befeore tne federal qovernment saw this need
with industry and started what is now known as the National
Bureau of Standards, NBS for short. All equipment in the
country which will maxke measurements needed by other com-
panies for critical specifications shoula be officially
termed “NBS traceadie” ano bear this labei and be checked
periodically. [t now shogld be apparent that all support
cquipment Cin our case time) should be traceable so the
field service people in Dhin will measure the same flow
rate at a certain rom g tne R & {0 technicians did at the
factory in Wisconsin.

Calibration of Working lrstronoens

Now that the reasons oy calitration traceability are under-
stood along with what i< todng caiibrated one may ask how
tracrable calibration 15 ubtained?

One way ao mentioned belore 14 to have an atomic standard

in the Tab and adiust the counter to read the standards
traceable autput freduenoy s clowoever most counters are accurate
to oniy plus o wing. ome o an and one must bear this in

mind when adijusting the yateral s ack.  The frequency of

most references of Thr oo WGl avercande most counters

and thercfore ane et e 1 areccdlor to divide the fre-
quency down to g ety ciagnotute. Accuracies of up to

one part in VMU G s gntained o locatieon in this manner.
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- Most of today's eicitrenic vounters 10 Uitiers use o 'ime .

- base which ompioys an c.ollri-secnan . cal crystal which by

; - s physicai Jeorietry oscritates ot o Stabie, fixed high

!‘ frequency whicn 15 aucurdte enough tor tne resolution re- ol
quired by the device.  Tne freogenty 15 counted down by h

electronic medns and Lrn L ields ¢ very accurate interval
clock for mea,urerents.  tor cow letc o say the crystal oo-
- ¢iilator has oveen factur, .aitnrated tor proper freguency, ]
A this will be eaniaine . Tre ory fal refereese 16 gysnd In

h most lab eou: wient and owe ottt gl relativeny Stabile

if kept at constart termieraturc, USudi.y Thoah Oven rontain-

{ ed in the equiprent.  clacver, thee Teoeouency of Tne orystal

. will eventually Jdedfr out ot calivrasron g and the

t measurements Derformed witn Sre daniogrest g tter toac gcoyrred
}- will be inaccurate.

1

However one mdy doe 15 There S0me »ort ot o< iiiator which

§ doesn't drift sigriticantiy and 54 nignity accurdte?  inere

{ is a type of osciliator reterence wnich s extremely accurate
but highly exnensive. Tnis device 15 thne cesium clock or
cesium oscillator wnicn devends on da physical parameter of
the cesium atom for its frequency of oscillation. Without
getting into much detaii, he atkeili metal cesium has two
electronic spin states, which differ 1n energy by a quantized
amount. In addition to the spin state of the electron in the
outside shell of atom which precesses on its axis of travel
on an eccentric path tne frequency of precession is an ex-

‘ ]iD tremely important and dccurate physical constant of 9.192 «x
109 hertz. The difference between the spin state can be ob-
tained (electron placed in a nigher energy spin state) by
exciting the vaporized cesium with the same frequency r.f.
energy as its resonance (9.12 «x 109 hz). This higher energy
state can be sensed by o great increase in electric conduc-

q tion of the vapor placed in an electric field. By using

feedback one can devise 3 circult which adjusts its own

oscillator to matcn the resonant line of the cesium. This
frequency 15 daccurate to within one part in 107 and can be
stabilized to within thres parts in 1617, This frequency

can be beat down to a useable reference for calibrating crys-

tal based ecquipment to maximum attainable accuracy of the

equipnent.  These ceSium devices are now made small enough

to fit in a standard 19 inch relay rack but are extremety

expensive initially and nard to maintain. It will be shown

Jater that a cesium grade reference signal can be obtained

without owning your own reference clock at low cost. As a

| final word there are also references based on other elements
such a5 rubidium.
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2.5.2 Traceabitity
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3 The atomic reference 15 very daccurate but even 1t has limits
T

' in its inherent accuracy. [t everyone had an atomic refer- »
ence and used to (dlibrate this normal grade equipment there




T W W W YW

1 time measurement made with an
s truien! T Troe data taken under this stipulation

0t otost gedr because there will be no

The component data which is main criterion for selecting
parts in a design will be useless and could have inaccur-

lead to catastrophic failures.

to the calibration of ’

to ootain a piece of test gear
intervals and has

This carrelaetion 15 extremely important and

In other words

time and frequency are very
one starts
senning of an event and stops the
chis gives elapsed time. How-
to yield events per Second or
soecond depending onowbien is more meaningful.  How-
ese Um0 reidted tests require a time reference
apiritty tor the resolution and

"
-
'
ta
h
: 2.n  Frequency and Time Cadbretion
-
3 2.5.1 Introduction
{ | |
3 Whenever a quantity 15 ticasur o in the laboratory or field
! which involives time 1n some respect as a fundamentai unit,
one relys on the fact tnat an interval of time through which
= {he measure is nade 15 absoiute plus or minus some uncertain-
i ty. However, ot anet vilae 35
uncalibrated
is virtually worth,os. T0r tao Dasic reasons:
1. The data can never be repeated reliably in other locations
with otner Dieces
o carreleation between themn.
{
{ 2.
p
I acies misleading the designer into selecting the wrong
components which may
{' The only way to avoid tnis problem is to have equipment which
b is in calibration with respect to two criterions.
F I. To have equipment 1n absolute calibration according to
the physical definition of the quantity measured.
2. To be in calibration identical
other pieces of equipment which also measure the same
physical guantity.
In other words the qo:l
which accurately measures absoiute time
good data correlation with other instruments that also
medsure time.
has 1ts roots in a term referred to a5 traceability and will
be treated more thoroughly later after some needed ground
work 1s laid.
Considering fluld power measureient as a special case one
finds a high reliance G time 4% 3 bdse unit.
many fundamental quantitics 3 flurd power use time such as
flow rates, rpm, velocities, ot
I actuality the measuroment ot
stmilar in nature. 10 Dedsar:s the time interval
a timing device witn the
device at the end Gt Tne oyons
ever with frequeacy seasuretont one ceunts a number of occur-
rence, Ina sel time interya,
Cycles per
ever hotn of
Gt osultable acouras s oand
Accuracy emarnded Ly ote wo oo ation.
44
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Results

The data obtained fror Lo caapration procedure was used to
derive a4 Third Jrder Mathenmatical Model of the working instru-
ment as described in appendix G, annex C, section 7. The model
was then entered intc a computer T°le and corrections were
applied to the test data prior te turther processing in the
computer.

Conclusion

The calibration resuit™ of tne working instrunent are shown
in appendix A for eacn transducer calibrated.

2.4.5. 1 Uncertainty of Laboratory Reference is 10 psi when
using the large diameter piston and .25 psi when using
the small diameter piston.

2.4.5.72 Uncertainty of Working Instruments

Transducer No. Uncertainty
0 5 % 0 . .
%}Z%;Z }g'} J‘; Calibrated With
del A4 PS Large Diameter
328076 .3 psi Piston
328176 13.1 psi

1275 + por:

Dro2assurized L2688 081 Calibrated With
12752 - pore Small Diameter
prossurized CPRT st Piston
-9
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velagme calibrator rose ! gt
The needie valve was quick b, ot

fevel 1n the piastic tube was ok -

Frquid deved an tne plastic tube was raised
and towered nine more times, odch fine marking the

e e o WL L. .'.-I.’.-.‘l'ij

{ teve l abowhich the ¢ircult triggered.
b
Anather arbrtrary datum was selected on the plasti
fube and the distance from this datum o each of the
1 Ton recoroed tevels way o measured and an averdge wan j
lj ctculateds This was designated as the Dost colmate ;
ot the Jower displacement volume ievel.  (Standard '
1 deviation of the dower level triqgqer points was 1.
' caoan o out of 9333 cu n ). The formula used 1o de -
[ Cormine the displacewent volume was: :
2 M
4 D o d L) e st 1n5) - (2066 cmdY oh iy 1n’j SN
fa e 4
3
L Where: Sy T tne distance between the best ostimate of
.y ubper dand tower displacement volume leveis ’
f as marked on the plastic tube. -
ﬁ» D = the inside diameter of the piastic tube. -
b '
-
(R ) '
: Figure 2.6.5 :
~ e i - N ) '
¢ FLOW RATE CALIBRATION BARREL SETUF
. Volume calibrator with the plastic
. tube attached to the side.  On top
< 1s the electronics wnich sensed the
. passaqge of the <lots and provided ®
- the start and stop signal for fre- -
- quency counters  The vacuuw pump
{on stool) wa< used te draw water
S dp the plastic tube,
f
y
L
!
9
3
e
[
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2.6.4 Calibration of Working Instrument

2.6.4.1

2.6.4.2

Description of working instrument - Two working
1nstruments were calibrated. A 10 in3/rev and a
2.3 in3/rev, positive displacement, balanced vane
type, commercial grade hydraullc motors were used
as flowmeters. The 10 in3/rev flowmeter has an
80 tooth gear on the output shaft. A magnetic sen-
sor with the appropriate electronic conditioning
equipnent was mounted near the gear teeth to moni-
tor the passage of each tooth. The frequency coun-
ter records the passage of one tooth as one pulse.
3 2.3 in3/rev flowmeter is identical to the 10
/rev with the exception of thg number of teeth
on the output shaft. The 2.3 ind/rev flowmeter has
a 120 tooth gear on its output shaft.

Procedure for Working Instrument Calibration

The 10 in3/rev flowmeter and the volume calibrator
were plumbed in series to the outlet of FPI's 150

HP Hydraulic Supply. An essentially constant flow-
rate was established through the flowmeter and into
the volume calibrator. At the instant the liquid
boundary reached its lower displacement volume level,
the upper slot on the flag passed the stationary
light source and provides a simultaneous start sig-
nal to 2 frequency counters. One frequency counter
was set up for the totalize elapsed time function

and the other was set up for total counts - i.e. the
total number of gear teeth from the output shaft of
the flowmeter passing the magnetic sensor was summed
over the duration of each run. When the ligquid boun-
dary reached the upper displacement volume level, the
lower slot on the flag passed the light source and
provided a simultaneous stop signal to both counters.
Six trials at eight incremental flowrates were per-
formed for a total of 48 data points. The incremen-
tal value for flowrate was 5 GPM, and ranged from

5 to 40 GPM.

This same procedure was repeated for the 2.3 in3/rev
flowmeter with the exception of the number of trials.
Five trials at eight incremental flowrates were per-
formed for a total of 40 data points. The incremen-
tal value and range of the flowrate was identical to
the 10 in /rev f]owmeters Six trial runs were per-
formed on the 10 in3/rev f]owmeter and five trial runs
were performed on the 2.3 in3/rev flowmeter.
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Figure 2.6.6
PLOWMETER CALIBRATION CIRCUIT

To oy tadreyy PD flow meter (far right) was plumbed n

e oty the supply pump and flow rate calibrator As the

Frgard ey b enne s the upper siot passed the [1ght source and
tartoc che coanleys. When the dower slot passed the light
aacce . The omters stopped.

S1a-

3. TP

. XS

el

A

4’;’ "

;

W

1

el LI




A T R TR ET T L T AT AT AT AT T T e TN ITLSATOTAEAT LT T LA T AT T T T T

- 2.6.5 Results - Per Appenaix G, Annex

~ 2.6.5.1 Math Model of Laboratory Reference - A third order
‘ math model witn cnly one caiibration trial was used
to determine the value c¢f calibration error on the
fiow rate calibrator.

2.6.5.2 Math Model of Working Instrument - A third order math
I model {point to ;ciat correction) was used to deter-
ij Mine the vaiue of calibration error on the 10 ind/rev

and 2.3 in3/rev flowmeters. Six frial runs were per-
- formed on the 10 ind/rev fiowmeter and five trial runs
' were performed on the 2.3 in3/rev. flowmeter.

2.6.5.3 Flowmeter Data Reduction - Because of the inability to
‘ return to an exact ficwrate on subsequent trial runs
at each target flowrate the following method of data
reduction was adopted:

i. Measure time (sec.), Volume (constant gallons),

H Total Counts [(puises).
q
¢ 2. Calculate frequency for each of five trial runs
! at each target filowrate total counts = fo
g e Lounts
: time

3. Calculate fiowrate for each of five trial runs
r‘ () at each target flowrate Volume = Q.

3 time

Calculate ratio for each of five trial runs at
each target flowrate frequency =

&
| hma)
(e}
RN, SV ERIN,

flowrate :
C Yo
3 5. Jesignate the calculated flowrate from the first
of five trial runs at each target flowrate as the
Reference fiowrate
Ref.
g 6. Multipiy the ratio of f, by the reference flowrate %
) -
Ref .
L ¢ q.

to obtain a theoretical frequency fe at each of five
runs tor edch target flowrate.

iy 7. Calculate the average theorotical frequency from the

[ five ootained in step #6 at each tarqget flowrate fe ave.
¢ K. Subtract ftne averaqge theoretical frequency from each

{ of the five theoretical frequencies obtained in

r step #b 4t ecacn tdarget tlowrate.

i

-
e O . a0 ]
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- 9. Twice *ne standard deviation of ail the :
1 deviations *rom the averages was designated -
1 ~— as the calibration error, i
L l
. This procedure =navies the theoretical frequen- -
4 Les to he nlotted versus vne value of flowrate. .
s See Figure 2.6.7. Tne ron-linearity is exagger- y
1 ated far expianitory Darposes.
2.6.6 Conclusions ]
2.6.6.1 Uncertuainty ¢ taboratory Reference. .
o Uncertarnt s tron NBS 2.079 cu.in. )
2. dnoertainty from Wisconsin Dept. -
of Agricuiture 2.16 cu.in. 1
3. Uncertainty from £°[ Technician {(est. | 4.5 cu.in. 1
4. Uncertainty of Seraphin bucket readability 4.05 cu.in.
5. Uncertainty from switch repeatability ‘
(Composite of upper and lower) 3.905 cu.in.
b. Uncertainty due to thermal expansion 1.8  cu.in.
7. Uncertainty due to clingage 8.0 cu.in.

26.49 cu.in.

Total Uncertainty = 26.49 x 100 = (;.286%
9333.22

~ 2.6.6.2 Uncertainty of Working Instrument.

A, 10 cu. in., PD Flowmeter
Error = + (.047 5pm + 0.286 of Q)

B. 2.3 cu. in. PD Flowmeter

Error = + (.0105 gpm + (.286° of Q;
A1l flowmeter caiibration data is contained in )
appendix C. Repeatapiiity was found to be +_.047 \
and + .0165 gallons per minute for the 10 in3 and 2.3 ;
in3, respectively. The total uncertaint§ in the vol- i
ume calibrator (26.49 in3 out of 9333 in ) passes 1
through to the fiowmeter as a © of reading error. ]
Results of thne repeatability tests indicate that any )
future efforts to recuce the systematic error in the
volume calibrator would be justified.
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2.7 Load Celil and Torque Shaft Calibration:

~ Z2.7.1 Introduction

ARSI S S 0 S Sa e ooy et

Torque calibration of the working instrument was performed by
using air cylinders to apply a force at a known distance from
the central axis of the working instrument.

The working instrument was vertically mounted, with the force
being appiied norizontally in a direct couple. There were two
main reasons for using this method. The first was to reduce

the possibility of error due to side ionads. The second was to
eliminate the need for the technician to load and remove weights.
At low torque values, such as 2000 inch-pounds, these benefits
were minimal, however, with larger torques, such as 507 €00

T! inch-pounds, the amount of weight and resulting side loads could

be substantial.

B A "2 A 4 2 . AEER A i

PR vm..

o M AL £ = X & s

When this method was originally conceived, the plan was to cal-
ibrate a pair of rolling diaphram air cylinders. Unfortunately,
the output force varied as a function of position as well as air
e pressure. Although this tendency was relatively slight, the
accuracy and repeatability required of the force in this cali-
| bration procedure could not be attained. The decision was then K
- made to purchase load cells, which were mounted on the end of 1
the cylinder rods. A diagram of torque calibration rig is shown
in Figure 2.7.2.

CREERA s>

2.7.1.1 Definitions -
1. Couple: Two forces having the same magnitude,
parallel lines of action, and opposing
direction.

W

2. Moment: The product, of the magnitude of a force,
and of the perpendicular distance from
axis tao the line of action of the force.

3. Torque: A moment in the form of a couple causing
torsional loading.
2.7.2 Traceabilty

Force - force 15 trdcedbic Lo NBY through the weights of the
Ashcroft dead weight tester, a4 described in section 2.4.2.

Distance - Distance is traceabls to NBS through the Wisconsin
Department of Agriculture - Weionts and Measures Laboratory.
disconsin Test Number 8GH, vated September 7, 1978. 1
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Rolling Diaphram Air Cylinder

Male & Female Knife Edges

Torque Arm

Torque Shaft Being Calibrated (Working
Instrument)

Cylinder

Figure 2.7.2

Artist's rendition of torque
calibration scheme

Figg}j-77.7.3

Torque Arm
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2.7.3 Description of the Torque Calibration Rig

The laboratory standard, (torque calibration rig) as shown in
figure 2.7.2 consisted of a machined surface on which the tor-
que shaft transducer was vertically mounted. Also attached to
the surface were two (2) support brackets, which held the air
cylinder and load cell assemblies. The torque arm, as shown

in figure 2.7.3, is a "T" shaped beam with male knife edge
beatings at the opposing ends. Permanently attached at each

end of the torque arm is an alignment fixture, consisting of

a section of 5/16" keystock mounted parallel to a line inter-
secting the tips of the male knife edges. The force was applied
perpendicularly to the torque arm using the alignment fixtures
as a reference. The force was measured by the load cells mount-
ed between the air cylinders and the female knife edges.

. AU

2.7.3.1 Procedure for Calibration of the Load Cells
Each load cell was electrically connected to one chan-
nel of a two channel Daytronic Model 300D transducer
power supply/amplifier. A Fluke vacuum tube voltmeter
was used as the readout device. Prior to calibration )
the zero was set and the gain was adjusted using the %

b WERAL 4 50 aa v WA o

calibration resistor and output valve supplied by the
manufacturer.

The load cells were calibrated using weights from the
—~ Ashcroft Dead Weight Tester as described in section :
N 2.4. Each weight was certified at 2835.0 + 1.4 grams, p
0o or 6.251 + .003 pounds. )

12 weights were used to achieve the maximum value. The

procedure consisted of mounting the weight pan, record-

ing the output voltage, then adding a weight and tapping
on the weight to reduce hysteresis.

AMRA ...

This method was used for increasing and decreasing in-
crements. The procedure was repeated for a total of
5 trials,

2.7.3.2 Estimated Uncertainty of the Load Cell QOutput {
There are three contributors to the total uncertainty ’
in load cell output:
1. Readability error of the readout device.

2. Reference standard error.
3. Calibration error.

The readout device was a John Fluke differential volt-

meter with a readability error of 0.5 millivolt out of

a full scale value of about 7500 millivolts. This pro-
duces a readability error of 0.005 1b.

CRN P R R Y PN S SV 5. .
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Figure 2.7.4
LOAD CELL INSTRUMENTATION

Lebow joad cell, calibration
fixture, weight pan, Daytronics
amplifier and Fluke VTVM used
as the readout device.
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The reference standard error, that is, the error of
the calibration dead weights is given by Manning,
Maxwell and Moore as being 0.05%, which resolves
into 0.0375 1b.

Analysis of calibration data for all five increasing
and decreasing trials shows that the 2¢ deviation
about the third-order model is about 0.08 1b.

The total uncertainty in one of the load cells is
the sum of the three terms:

Total Error in 1b = 0.005 + 0.0375 + 0.08 = 0.122 1b.

In percent, 0.122 x 100 = 0.162%
5

75.375

Both load cells yielded almost identical results, soO
much so that any differences were insignificant.

2.7.4 Description of the Working Instrument

The working instrument was a Himmelstein non-contacting rotary
transformer torque transducer with a 2000 inch-pound shaft in-
stalled. Torque sensing is accomplished with a four-active-arm
strain gage bridge.

2.7.4.1 Procedure for Working Instrument Calibration
The torque transducer was mounted on the torque calibra-
tion rig and electrically connected to a Daytronics Model
3278 digital amplifier/power supply.

Prior to calibration the transducer zero was set and the
gain was adjusted to obtain an adequate span.

To establish perpendicular lines of force, a drafting
triangle was attached to the torque arm and flush mount-
ed with the alignment fixture. The support bracket air
cylinder assembly was positioned so the air cylinder rod
was parallel to the 90° edge of the drafting triangle.

The calibration procedure consisted of increasing the
force applied by the air cylinders, while tapping on

the torque calibration rig, until the first of ten even-
ly incremented target values was achieved on the output
of the torque transducer. The purpose of tapping on the
torque calibration rig was to overcome the break-away
friction of the air cylinders and the torsional friction
in the knife-edge bearings. The target values were read
from the output of the torque transducer amplifier, be-
cause there were two inputs neither of which were re-
peatable, and only one output which was very repeatable.
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Drafting tridngle mounted
on load bear sgeinst aligne
ment fixture to positiop
the arr cylinder rod at
90° angle to the male knife
edge on the toed beam.

SUPURTIN Y S

- - - e, . -




R v e M) S A ey g

3

Fagure oo
TOROUY  SHAY T AL TeRAT TN
Torque hat o e talt ea o

callbratyon fiziure wiih fgad
beam and verticat cypports

FOr woaet i The a0 g rndee
and doad celila. Tauatl torces
viere applied to both cady of
Lhe tooad Do 1o o Tima e ade

Loading and bonding

a2 I EL 4
=

7. R

. PRI | SN 'A_‘.._J

.y

“ —_— . ® i

-y U ST

i 4 A a2




T - o I
PV S
~ .
. oo
' - -
2 » SR, Sl T Y s B ¢ et 1 A .
- - PRSI e
- 1 —
> - e
- - - e
-~
—_—— s
—— 4 M
, .
b f
¢ - - h
[ “
> - -
t
* - -
i
i3 - - S = -
!
(
- -
i
- - = -
.- o - . ———— -

’ g Loy
L Y Iy
B / L) 35748
N . .
T A o Laeoer
! . . IS Y AR —
_ [ A ML

Toan N

. e s
Lo uoad mptecsnce = 25381

Liei LA SR

< 1
AR

. ' SN0 LS

L, orror

aard
LYrer

__.0l7epsi
_.0Q] psi
. 2.26882ps1

Trial 23

| Decreas.
Volts

LnCreds .
IERNALSE:

Volts

»

Loy, 904

e TR
. ._..a.;.-u.‘.._h,‘;__u’“f_’u_

0. 503 [.503

0.89]

4,0.8&&
i
|

1.480 1.482

e

[—,.‘
Z.001

2.003
2.473

e ——

. onnn
B V] RV RIS,
e e
i
WA
' . oy ,109
| EECIS
- — B
Lo -
vl

2.473
- 2.987
3.544

2.989
3.560

4.004

4.453 | 4.512
4.997

o oy i i
e
- - - ‘ —— ol
i |
— . —
]
i ‘
I 4 —
L L —_——
i {
- . 4 - _.Jl,___._ ———
. - e
- - 7———-&-———" ——
i
. .




L o v . - W W e W e V. - - = T A .
L o o T ———" T— AR A . . B .

)

S P S

L ‘:/' L’3//.7S

e [
CLooueroer

L BRI ¢ e e e

. . ! I
- ' : DUS RN LIRS
‘ h o ' Secar.aloapToeregge 5 L2005
) i StanTard v .
L DraT o on Lrror =.0015p
' ot Tty brodn = .COlpsi
ror =.2525psi
PO
[ -
~ - - - T e T s -————]
) Incredne Decrease
. ) B TR
- 5. A et i B e '
.
r - - = -
M i
. o T T T !
. -4 | . '
. .- . A I
.. O - _ S
T Tt T - - - - hal

—t—y

D e

R

v

3
4. 015
4

A~ -
B .
' s ‘
)
. +
.
: I
- e - ——— 3
1
: !
- - + i 4 poo— —m—
| : |
|
~ [

_d

PR}

P )




. 2 W 2 . 2 a4 . (‘V(V W TN W L™ - -
FoLiDonnl 2T
Vol Lo G2
T Ldtern e ure Teandsddeer callbrating OPRAJECT L 50560 :
e o Ll AT —_
[ - e e e e TECHNTIOT R L e
CeCLIRT L0, cltiat Lo PST Pressare Tranvducer LM
R Mise, S ne PovoLT/1000 Py
L L AL S Y S S INSTRUIMY (AT IO
CO”}{,"*S U AR Gl wNoe b Test L e
by L e et N TEL L e e e st derur of Re {_:_L%U ____ps_1 \
B o EESngard .
L DIandar e tadipration Error o 2.1 psi
RS o - N - s A 3
. b For reddoel N lnanine: gy ) __Readab:lity crrar - 1.0 psi -
——— - = - - E— -
b puttOn e __doral Erroe _13.1 psi
N § o U OO 3¢ —drial oFg drial %
’riu;;;_r;u;"j_+- o l( . . |
! ’ I, . i . . -
wolaol L Zern laireas. o L Jers lncreas y fegreasy Zerg  lncreas, [Decreas,
i i B . s
L Vot SRR Jre L Valrg * Volte Valteo Volre Yolteo Volts |
i T
BECYSI VR S A poalld 0501 0.0a0 LQJUZ Q.502 0.0Ga¢ (0.503 Q.501 ! )
Ll s I ORVISE 4 laulil [SIROINLS, 1,003 1.0G1 £.0G0 1.GG2 1.002 | :
. ! ‘ * . ~ P . i '
Lo L uu i Lol JLL.: a QuaGu ¢ 1,903 1.503 0.000 1.4503 802 ‘ b
J : I I . k A " Aen . N
o i %Lgm‘ T‘x:m’ug 2.003 ; SINY L_Z o 2.003 .000 2.003 2.003
plll L 20008 | 20000 10000 | 2,502 203 1.0G0 2502 2. 502
| i . . b .
bt el p B L LOCG L 4 001 L300 L 000G | 3,001 3.004
1 i
) ! 7 't
‘r..A.u‘... C_TAA_A‘.“‘ - _TA%LLJ_TLM,_‘.L.JL‘._ 3803 ? (.000 3803 31504 'l
TS S SOU R O N AO8 N 15 BSOS LU G0 La 030000 14002 44005 [
[ RSO GOt PN it e d A 4,50 L h00 14,803 4,508 ! \‘
o | L I, . 1
ST S CUUVOGUU LU0 30U S U VU VL VIR U 01 L S el 5 003 !
: | * . | : |
e ] b
S L £ (S VY O Irieisd T
| i !
e | : | )
%—MLM__- — : Y —t
i T FEGTO SR N pelredn g 2o uocreas. fecreas *‘
I i
- V,k,_..;u..L.‘_,L il lalts olia _Nojts (olts lT 1
I - -~ . l . - - o~ ! s DERY
e Semrw Tl o L2 4 ool Lo 0oy ’_u 202 a0 L B
N |
b S ) DU SV VU S e . i i - MWL___‘__;_‘“M___# 4.~LiL»L — J; 4
| ; i 1 !
.F“_u_—l—u—&u» *H.’-L.A.A_ M..l_n_guu__*_l Lol --_f_gAaLLk ————e v_‘#-—. ,"
| ! ;
b B e ¥ S PN + - _L.u.._.b.u‘ _,___,..A. M—__‘k“ﬁa—. J»_,..—- %‘l
| ! ! S i
T S UV U VOP S o FVER ,'_._-,4‘,4- ,_4 ——— —
i ! ! ‘ .
| . VR -'T&“M%AL—*_»A“L~— MAM“/__,..L-ML..__;_,_.L‘LL}; —— e [ —
LM————4—W~ ;»-Jﬁ;&v.f ,¢—;.._M___.«_--*.A.~ﬁ_,,;_._1.;4;;;,.__l, ..L.llu——.-b—-————— —T —- -+
F s "~ - -— ~ - . A.;L - b eAdda o *.4,__'1 PRV, _.L“:l_.,A;.L;‘L.__._L...__-_.E __.T..7V
L : e e (4502 1 | ¥




PRSVISRP Y B CURD IR KUV Y SN -

‘ B R R T Y UV S S SOV OF SO SO S0 § U DU UL S S

B T A G VP SN N Cm e -

[ T e e i :
I - e e I
wt FR O S S S P S . .
i e . "

LT
[
g

LR SV

N

L YU NI OU T OU U VU VUV IO SO S P P LI _r_,u_A.J.LlA_‘,_‘.u_..tvu_- i

|

P, PRIV ook

e s -
a aa i G e eee S T S

. .
Ceaea PR (U U O S VI B A e N VY

- - 3
- ata e sa N RS IV ISR g S G TR S

. _4 .. . !
A v [0S RV SRR S I S Y SR 2 DEVIN o R VN

e s . G R e e - PPN I A S YR VN

P R U VS W AP SO

- -~ R i e R e T e S

e M e E

AU ST G- S U U NI G ISP UL I U5 SOV SISO Y S U S5 SN 1S OO

[T . SNV SN

ks« Ldy e raae P A G O S DAY PO AN SO0 S0 S U

B R SRR PN D T e
L v P e I P Y o [
LA 8 b v N - PR - et - w T ke NS
- - - - —_ - ——— ‘ - —
[V

[R70 N B

A wa as A
_J._'.L.A‘M —— s \L_;g, - 2.«. ‘J.‘:Ul._. -_I
" e e f

. . ‘
k- [V UV A

H

1

’ - - [ 3y
e £ _.f.\ﬂh__«;.;
i

SR O ¢ 0 SO
A i

o v . sy
._«,,.J._ et M J—A.‘LML e e A heta’

- B
i

P )




— s - Y T Y T LT e . - coe o -
- ot ‘\lvr: ».‘
DL e e o meaea ek e e e 26 ik e ek —— e _u;.'f 4 —
b ° - - R .K‘»‘lA" ! \Y:II“"\
| o - N v
. e e Referene, o 10 pgd
Liindarc
o R Coralion Errgs 2202 psi
L - oD i oereor Tl psi
o s LU0 13,2 psi
- P U 5 5 B X SO
’ ! J
L R I - e s — ——— e
' ‘ i
PN _ e T S S N ST S Jvi'lf reas. tlecreas.
L SAAGS MRT R MK A st (o0 . T W AR J—Euv"-;yrd'.;!‘hb;a-‘-.l,“;-_\,i.‘y.l‘b&\‘* a = N = WERS Auid N diden I‘I‘ ‘L‘J‘Q ‘ oo MOI‘T‘S i
Mt } ; S A L RS S SRR VIS 1Y) ir 0.505 Q.505 ,
| !
. . [P . i
ot i e bty el Lol —tiely . Ul 1.005 11,000 L
. —— e m el il T S e et L.w : —-L-S-Q-L—Q
| . ""—‘i
e e S S S S e _ ;i'v'\ 1 L ‘,H,“ ’ NS QOS 2.0_06
. 7 ~ ._?,_ _!..__.?.
. o . 1 =
o rma e e TP O S S SNV 19 AN VR V1 0L S BTV o} 2,505
. e e e A UL AN A (O PR DRY] V101 2.000
P U N el e ii P Ela L3508
'
- . SRR SF o ! |
- - ,:.:.,-v [ W _M.J.__,_,.A‘L.Q_&-.A_ _z._‘.tjﬂﬁ___f
b e - - . _ e i e U VU Lelis i
i \
| . :
N I - R - e ST —_——
'
. . : . . e~ - — B ; i
¥ sk iaaaia it e S —- e L —
- : ' ‘
A ah s o ma e Ll ahan bt i B et o i b Ao b0 s e e Al b dadehnd <2 N <4
L e s S PO PUD WP 1 O STV ‘L——L-LL_A_;.L——.-—.._J PRSI N G . L\ LIS ——4‘

[ e a et e abhb e ekt e a
[ boa eaaaes - - PO
, . . RO b ma e ca e

Al gt Ve -

- A A n g

POV

S VN S P b

-

e

. r
ORI

T T

e e e

PR 191 ¢

4 AR e

.. —- -
. | !
R - e——— “
. e a i ak e it eiaan d ,,__..,.',m,, P _ B e, e «
' |
;;;;; — DTS S S SR I} 3
: : X
P I u
e e knd e ey ok dY e f . [ P

PRV N Y NS

v '

UG UTUTS D R GUU N (A

"

191

B W

PRV, DU S5 I I S
| . t
. . ) . ' I
Smas L L e e st e ihh B - [ S PP VUPY & G S e RS
!
o ' ! {
[N SO kb kb a A e iaiaed . e s . e ALl e - . :
'
- . L - e 0 )
. o -




- ndiutn 2n ind Hindh A Radh v hd - -
FIac A Areh Al i ave i AL LW -
IS Yoy -
. P ) .
- R i - - .
ST AT RIS AN N [ ! o Z

D P T s v fV"\_‘._’L, el L) Tl ORWIFCT 1N, §25_§_U__.

e e L e e e L T \W0/10/78 e
e TECHENICYITY RLD G
SCRInTI0, Sdalran zeessuce Transducer o=-5000 067 l. O

: ous, #08-15 o YEiTZUO0O PSL -
-
S £ T TH S A S ALS ‘J

L b e e L aeagd Error "o %ferg = 10 psi '_
Calibration Error =4.5 psi 2

s e K o L -
i e Al m2acun TSNS VL ORI S VB U S . _

e Gunton NAadne o o Qeqddmnty f'“Or ~l 0 psi

o . e Tota) Error 0 =15.0DST

. N

P bt U UF: 3 D U o V- U ; e Trial#
. Y L — « 11;3411_4»3_1._ —_—

o - I | Il
,_:;...A‘Ai.u J SN S A’
‘ t
|

:
ek ‘4‘ ,_._L.A_,-,,.v_,gu.;.;. MM

SRR Lt "u‘ﬁ T T ABBR R A WAYE | yols i Vot Ynalte
1 T

locreas.) Decreas

i

M | . N [ - ~
!, EUEIEINS Sl L 2= ;',%4‘;*“* ‘T G20 Q.5C3 ;- 0,000 10.502 10501 }
‘ bl 062 b eogd Lo1,0es 1,001 [- 000211000 [1oon ]
i : \ . .
Vi - .00 ' o |

1006 2.001 JTi hG3 1506
0,062 2,009 2_ 006/

—d—

T
A,QL“_*%,J L ; OGO 12503 2 506 )
‘ 1 008

I G

r. .

i

N

i\

]

|

|

{

S e L I R SR ;4_‘.“_,‘_“;__.._.@' NS, ﬂ&quUL‘
35058

3.507

-G e—

- o001 4 o3 LA_00a9

- -
k>
=
.ol
_1 _J—__J._-

.4

. 0 R .
UL AU S AP PRy S S, N PR L VI ._,L.-LL——‘_.__&.MLAL_L_—Q —-J—L-‘L—(‘-——T‘

. S . | .
A S VU L SO VU A S VU S G, ——-——L-- —— et
' : | | i
———— e . - o S OP VSRSV S G N +

i s _.fx;f._L*_.__';:*_,..,_ﬁ_ e el —+ +
;

PR ' | ' .
};—M—_‘_’»_‘.‘ -+ J— '. . e = - e ey -+ — —_—
'
3 :
! )

|
r_

g

r_.._..‘_.ug .+_~Lu .__.ra-k-‘; ‘l-h..‘,u.....-......-...._._ [ U G e S T ‘ 4
i Y P ;#; u,,__d,__,m_u,‘_ﬁ'_“dra . Jr )|
v ' !

. [, '
o - ; . . IV !
+__4 el _L B VU S -+
t

' I . !
i ; o . .
e S ST D USEEE NP L S T G S P UOpre U U P SIS P S ISR
N 1
i , : i
| ,
P . .

o A e b oo ok ey ok Amieka i e s ek e ek deend el o o g .

_— [P S |

—e

r _—— B O U OU it ade A b e kA A ek ',A._+_,_ e e 4 G e—p——

. |
' : !

U P OO S S U S S U S U G S

! i
L Co
ip - T.-_._“A. ____?__ ot h nherdh it Akrde - — = TNV SRS e | ..,»_E.__,— - l e ——
. . I .
‘L_ML—_.AAL.M_‘. cadaa .___‘, ...a...,u.._‘t JREU VO VU S U VU G VOSSO e »1“-4*— ———

_ p Cos . , . ‘ ; { !
O TN OO S U VUV S S Y UV SV U U U UL SO PR SR S 4
! ‘ - "

p—— s e —— -+ e T T T L

- . PR -
PP PN A U TN P e B S SRRy e S|




P————

APPENDIX A
PRESSURE CALIBRATION DATA
S 143

et KA

e A a2 A m_a

[ I,



BoNRe i s ats Sadedui ] vy AR P AR R A It Ses 1 ARERCRAR D hie 2 A C A S e 2 P e S T R

Ice was added to the water to get the water bath temperature
below the first desired reading. The water hath wds heated by
a hot plate. Readings were taken every 10°F as indicated on
the glass thermometer from 4G°F to 210°F by the DAS printer.
This procedure was repeated four more times to get five cal-
ibration trials of increasing values only.

The calibration procedure used follows the procedure described *
in appendix G, arninex B.

The values of the reference thermometer were corrected using
calibration data from the State of Wisconsin Bureau of Weights
and Measures. This was done to obtain the true standard value
for these temperatures.

A

~nNo
o)
£a

Results

The data obtained from the calibration procedure was used to
derive a third Order Mathematical Model of the working instru-
ments as described in appendix G, annex C, section 7.0. The
model was then entered into the computer to interpret the tem-
perature readings from the test and corrected the data.

r
6]
(S

Conclusion

Several thermocouples were calibrated and the results for each
are contained 1n appendix Lt.

2.8.6.1 \Uncertainty of lLaboratory Reference is 2.05°F.

2.8.6.2 Uncertainty of Working Instruments:

e, 3

Thermocouple 20 3.88°F

Thermocouple #1 4.00°F .
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Figure 2.8.3

THERMOCOUPLE CALIBRATION

The mercury thermometer, thermocouples and stirring motor

were mounted on a ring stand and placed in a container of water
'ocated on top of a hot plate. The data acquisition system

wns ucod to record the thermocouple output directly in degrees
rahrenhet
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2.8.2

N.B.S.

2.8.3

Dissimilar metal thermocouples work on the principle of
Electromotive Force (EMF) which is developed between the
measuring junction and the reference junction whenever
there is a temperature difference between the two. When
the reference junction is kept constant at a known tem-
perature the difference between the measuring junction
and the reference junction is your unknown temperature
which is measured and recorded by the Data Acquisition
System.

Traceability

Our laboratory reference standard thermometer #673650 was
calibrated by the Wisconsin Department of Agriculture,
Bureau of Weights and Measures using their mercury-in-
glass thermometer of 1/2°F accuracy. The Department of
Agriculture thermometer is traceable to the University

of Wisconsin using a platinum wire resistor which is
certified by N.B.S.

Dept. of FPI P

. Agr. Bureau Mercury-1In-
P u.W.M. T PI0F Weights ——J Glass py Thermo-

& Measures Thermometer couple

(Platinum Wire (Mercury-in-
Resistor) glass) 1/2°F

Fiqure 2.8.2

The error is our laboratory reference standard as propogated
through above chain is 1°F.

Procedure of Calibration

Before calibration, the wire extension leads on each ther-
mocouple were measured and length recorded to insure that
the length used during calibration will be the same length
used during actual usage of thermocouple. Thermocouple #0
was hooked to channel 0 on the DAS (Data Acquisition System).
Thermocouple #1 was hooked to channel 1 on the DAS.

The two thermocouples and FPI glass thermometer #673650 were
mounted on a ring stand and lowered into a constant temper-

ature water bath. The thermocouples were placed close to the
thermometer and at the same level. A variable speed mixer was
also used to insure uniform temperature of the water.
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2.8 Temperature Calibration
2.8.1 Introduction

There are several methods for temperature measurements, such
as mercury-in-glass thermometers, dissimilar metal as in a
thermocouple and the more expensive kind such as a vapor pres-
sure thermometer. We use thermocouples to the greatest extent
E in our lab and have mercury-in-glass thermometers traceable to

T -
. FUNnN

N.B.S. as reference standards for the calibration of these
thermocoupies.

W

Definitions and Principles
Temperature is defined as the degree or intensity of heat -]
possessed by a substance shown by a thermometer. The ther-
- nometer most people think of is the mercury-in-glass thermo-
‘ meter which consists of a long thin wall glass tube sealed

at both ends. At the end of this sealed tube is a well where
3 the mercury is stored, the space the mercury has not yet oc-
1 cupied is filled with a dry inert gas which keeps the mercury
from separating. A scale is then provided to indicate the
neight the mercury rises which is proportional to the temper-
ature the bulb is measuring. One of the greatest drawbacks
nt these instruments 1s that they are very fragile.

. N~

. S

Ad

At the institute we use the thermocouples which are more rugged
and can withstand pressures greater than the glass thermometers.

~— The thermocouple consists of an iron wire for one conductor '
and a constantan wire for the other conductor. The two wires
are joined together in a capillary tube which is called the
measuring junction. The wires between the measuring junction
and the instrumentation are called the leads. They consist of
one iron wire and one constantan wire. Care should be taken
to connect the iron wire lead to the iron wire from the measur- f
ing junction. If not, readings will go down instead of up when T
heating the measuring junction. The leads are then connected
to the back of the Uata Acquisition System (DAS) which has a

DT T et e e

Py SV

il
Wlrs xtension [ eads B
{ b
T SIS Ty PN l lr‘," Wire l InStrumentat]on
+4 T -1
- 1
_ {
— { I U
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Junction ~ { 1
\\\\\\\;> | constantan Wire K
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t For angles approaching 907, the Cot (8) approaches
k A6, therefore:

kA A A A SERA .

o~ = + + 2
¢ %j_- er Af + 2(b8)

-
AN

When 8 is ir radians and A8 is the departure from 90°.

L

From the Wisconsin Department of Agriculture we know
that the total uncertainty in the torque arm length #
is about + 0.005 inches out of 15 inches, thus

v

Ar + .005 x 100 = .033" of FS

r 15.00 ]

,
‘e From results of calibrating the load cells, "
f Af = 122 1b = .162% of FS ]
\ f 75.375 1b

It is estimated that the total angular misalignment of
o each cylinder does not exceed 17, so, ;
b
r f2Y¢] .01745 radians

then, ;
s 2 (88)2 = 2 x (.01745)% = 0.0006 = .06% *
;‘ '). = X . . . .
i Now, total error in torque,

AT = 0.0337 + 0.162. + .06% = 0.255% of full scale
T

2.7.6.2 Uncertainty of Working Instrument 1

8.75 in 1bs.

i
® which is 5.1 in Ibs
Q . .
3
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b
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3. The 1ni1tial angular misalignment between the
center line of the loading cylinder and the
torque arm radius (not to be confuSed with the
change in angle caused by deflection under load,
a phenomenon which was corrected mathematically).

To evaluate the compsite uncertainty, it is necessary
to derive the equations which dictate the means in
which the individual error contributors combine. We
ctart with the definition of torque, which is the
vector cross-product of torque arm length and applied
force. In our case, there are two forces and two arm
lengths:

T = " f] Sinel + ry fz Sine2

To obtain the total uncertainty in torque, AT, from
the individual contributors, we find the six partial
derivatives. That is

AT =3 T8r, + 3T af +3T 86 +07 br, +3T,4f,

|

3 o f] a 8] o rH é f
+tI T A6,
]
d 9
Substitution yields
AT = f, Sing, Ar] +r, Sing, Af] +r f, Cocl, 136]
f, Sing, Ar2 * v Sing, Af2 + r,f, Cose, A8,

To obtain the fractional error, we divide both sides
by the total torque, but making use of the fact that
the system is nearly symmetrical, that is

T=r,f; Sin8 + r,f, Sing

1f oo =2r,f

5 1 Sin@l < 2r2f2 Sinﬁ2

Now, by dividing:

Bry v Afy v Cosh,

2 2f..  Siné
r 4 1
1

Also, because TR, f]:§5f2 and 9]=<:82,

Ae + AY'Z +Af2 + COS@Z og

1 e e C
2r2 2f2 Sin 5

AT = 2

8T B bt (AW
v 4
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2.7.5 Results

2.7.5.1

Final processing of the data indicated that this
method was of satisfactory accuracy.

When the target value was achieved, the output of
tihe torque transducer was recorded, along with the
outputs of both load cells, and the deflection of
the torque transducer. The deflection was caused
by the twisting of the torque shaft as the load was
applied.

Derlection was measured with a magnifying glass and
machinist scale with 1/64" divisions. This method
was repeated for all the increasing and decreasing
increments. The procedure was repeated for a total
of 5 trials.

Processing of Raw Data

Raw calibration data was processed in order to correct
for the change in angle between the line of action of
the air cylinder rods and torque arm radius line which
passes through the center of the torque shaft, since

perpendicularity will not be maintained as the torque

shaft twists and the arm deflects. Also, the composite

net applied torque was calculated from

T=fir +f,r

2

where f, and fj are the two applied forces as measured
using the load cells and r} and rp are the effective
torque arm lengths to the right and left of the center.
A third order mathematical model was prepared as de-
scribed in appendix G, annex C. The 20’pspead was
found to be 0.122 1b.

2.7.6 Conclusion

The torque rig design is judqed to be accurate for most fluid
power applications, however, the process is tedious at best.
The horizontal torquing plane appears to offer its greatest
potential when calibrating larger torque shafts which might
otherwise require tons of dead weights.

2.7.6.1

Estimated Uncertainty of the Torque Calibration Rig,
There are three malor error contributers to the torque
calibration:

I, Uncertainty in the length ot the torque arms.

2. Uncertainty in v foroe gu determined from the
load cell calitration,

PR
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APPENDIX B

FREQUENCY AND TIME CALIBRATION DATA
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REFERENCE ADDRESSES

Howard W. Sams and Co., Inc.
4300 West 62nd Street
Indianapolis, Indiana 46208

National Bureau of Standards
Time and Frequency Division
Boulder, Colorado 80303
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S0 WEERELY TELEVISION FREQUINCY TRANSFER MEASUREMENTS USING THE COLOR SUBCARRIER

Trese ¢ata are furnisned for users who are making frequency transfer calibrations using the television
retwora 3058 Muz color subcarrier signal. Tnis signal 1s controlled during network programming by atomic
frequency standards located at each of the major U. S. television network originating studios ?ABC uses
cestam standards; NBC and (BS use rubidium standards). These network standards are low with respect to
JTC.NES) by about minus 3000 parts in 1011 (-3000 x 10-))).

NBS estimated uncertaint{ of these measurements s + 4 x 10 ‘2. except for ABC which has an estimated
uniertainty of + 2 x 10-12. However, users of the Color subcarrier should not expect measurement
ancertainty as small as quoted since the NBS measurements are based on averaging approximately 150 hours
of data per week per network. Measurement uncertainty as a function of averaging time that may be

reasunably expected 1s as follows:

AVERAGING TIME: 10 _seconds 100 seconds 15 minutes 30 minutes 24 hours
MEASUREMENT UNCERTAINTY: 3 x 10710 6x10"  zx10h s x0T 6 x 107V

Mcasurements can be made only on programs originating from the network studios in Los Angeles (West (oast)
or New York City (fast Coast{. East Coast data are for those users in the Eastern, Central, and Mountain
Time Zones. West Coast data are only for those users in the Pacific Time Zone.

_ AVERAGE RELATIVE FREQUENCY (in parts in 10'))

“EASUREMENT PERIOD o EAST COAST . WEST COAST .
1978 NBC c8S ABC NBC c8s* RBC

30 JULY - 5 AUG. -3001.0%* -3001.2 -2999.9 -3007.2 -3015.2 -2999.8

€ AUG. - 12 AUG. -3001.9%*"  -3001.2 -2999.9 -3007.8 -3015.5 -2999.9

13 AUG. - 19 AUG. -3002.9%* -3001.0 -2999.9 -3008.2 -3015.8 -3000.0

20 AUG. - 26 AUG. -3003.6%¢ -3001.1 ~2999.9 -3008.5 -3015.7 -2999.9

27 AUG. - 2 SEPT. -3006.2%* -3001.0 ~2999.8 -3008.8 -3016.0 -3000.0

for information on how to use this frequency transfer method, write: Time and Frequency Division, NBS,
Boulcer, Colorado 80303.

*The (BS station in Los Angeles is now using a frame synchronizer on the incoming network line. There-
fore, the color subcarrier for (BS West Coast is no longer available to users in the Los Angeles area.
The published (BS West (oast data are derived from Line-10 measurements made by the Hewlett-Packard
Comnany, Santa Clara, California.

**incertainty of the NBC data is approximately + 2 x 10']].

6. BROADCAST OUTAGES OVER 5 MINUTES AND WWVB PHASE PERTURBATIONS

e DUTAGES —_ PHASE PERTURBATIONS WWVB 60 kHz

AUG. BEGAN ENDED AUG. BEGAN ENDED

STATION 1978 MJD (utc) (UTC) FREQUENCY 1978 MJD (ute) (uTC)
NON§ NONE

——Tw Mol e ama oy T T T
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Frequency Counter Calibration

The ABC network color subcarrier signal from the week of August
27 to September 2, 1978 and a Singer Model HE 8020 S/N 101095 were
used to calibrate four Simpson Model 7016 Frequency Counters and Timers.

Color Subcarrier Frequency 3,579,545 HZ
ABC Network Average Relative Frequency for the week of August 27 to

September 2, 1978 - -1
2999.8 x 10 HZ
Corrected Color Subcarrier Frequency used for calibration -

3,579,545 - (2999.8 x 10-11) (3579545) = 3,579,545 HZ

~ Counter Counter ‘ Cotor Error
g No. Reading ‘ Subcarrier ° HZ
; Frequency Frequency
; HZ HZ
i ey e - - B
i 1985 3,579,549 3,576,545 ‘ + 4
e e e .
3869 3,579,554 3,579,545 ; + 9
},___,ﬂ;a____-,--__-___-A--__,__&-_-, o e
] 3870 3,579,548 3,579,545 +3
i 3874 4 3,579,548 i 3,579,545 | + 3
A
-143-
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Uncertainty of Reference Standard:

10 - 40 x 1073 Hz

3579545 x 3 x 10
Uncertainty of Working Instrument:

No. of Counts = f x Gate Time

Gate Time = No. of Counts = f ref + f error
f ref f ref
= f ref + f error = 1 + f error
f ref f ref f ref
Error in Gate Time = 1 - Gate Time = f error
f ref
Counter No. 1985
Error in Gate Time = 4 = 1.1174 x 1070 sec
3579549
Counter No. 3869
Error in Gate Time = 9 = 2.5142 x 1078 sec
3579549
Counter No. 3870 + 3874
Error in Gate Time = 3 - 8.3809 x 1077 sec
3579549

-144-
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APPENDIX C

FLOW CALIBRATION DATA
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t:‘ FLUID POWER INSTITUTC
{ NILWAUKED SCHONL OF CHGINEERING
ST __ Calibration of Laboratory Flow rate PRNJECT "IN, 50560
:" = ___Reference Standard DAT. 3-19-73
: I TECHNICIA L TM
DESCRIPTION Repeatability Test of Upper and Lower L
Triggering Level Switches
(] IHSTRUMFNTATION
V COMMENTS
\
1 Starrett o
{ Machinists Scale
(,
____Upper Triggering Level Lower Triggering Level
Ref. Ref. '
Trail Bistance| Ave. DeV. Trail Distance] Ave. Devy .
¢ . INS | INS INS # INS INS INS
] ] 2.187 2.24 - .053 1 1.031 1.722 - .691
2 2.750 2.24 .510 2 2.063 1.722 .34
i 3 1.906 2.24 - .334 3 2.406 1.722 .684 i
o 1.875 | 2.2 |- .365 4 2.813 | 1.722 1.091
4
¢ 5 1.50 2.24 - .740 5 3.063 1.722 1.341
_ 6 1.094 2.24 -1.146 6 . .844 1.722 - .878
’ 7 3.219 | 2.24 .979 7 219 ] 1.722 | -1.503
[‘ 2.313 2.24 .073 8 1.406 1.722 - .316
9 2.313 2.24 .073 9 1.531 1.722 - R
! 10 3.250 2.24 1.01 10 1.844 1.722 - .122
§
b. -
o 26 - ]1.392 in, 26" = [1.79 in. {
!
K
1
i
q
| - )
S - — .
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TOTAL VOLUME_CALCULATIONS

3 3

V = 41 gal x 231 in” - (2000cc x .06102 in” ) - V tube
gal cc
V tube -ay 71.25° Ay = 12.840 in
;i

V tube - 12.840 (JT1.25°) = 15.78 in>

g
V total = 9471 in - 122 in> - 15.78 in° = 9333.22 in>

3

V total = 9333.22 in~ = 40.40 gals

REPEATABILITY ERROR

( range top + range bottom )% JT 1.252A
2 2 4

3

(11.078 + 1.094 ) X 1.230 = 2.672 in

error = ( 2.672 in3 )

9333.22

x 100 = .0286%

repeatability error = .0286:

VOLUME UNCERTAINTY

upper triggering level

2¢ - 1.392 in V=97 1.25° x 28

3

V- 77’_1_.35_2_ x 1.392 = 1.708 in>
4

lower triggering level

2 6 = 1.79 in v=7T1_,_2_52x23
g

v 7)".-,2.52 x 1.79 = 2.197 in>

-147-
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3 4 2.197 ind = 3.905 in

3

total uncertainty = 1.708 in
volume uncertainty = 3.905 in

error = 3.905 x 100 = .0418%

1

READABILITY ERROR OF FIVE GALLON SERAPHIN BUCKET

From Appendix G, Annex D

RE = 2 x value of smallest scale div.
RF1 + 2

.5—].]w)

RF] =3 (1-e

w = width of smallest division

w =1 cu. in. = 2 mm
Rey =3 (1 - e U7y 23 (1 - 183 )
Re, = 2.45
RE = 2 x 1 in> = .45 in®
45 ¥ 2

total readability error for nine buckets which were emptied
out of the flow calibrator
RE = .45 in3 x 9 = 4.05 in>

error = 4.05 x 100 = .0434%

THERMAL EXPANSION ERROR

diameter at calibration time = 22.500 in
diameter at run time = 22.502 in

volume = ?TTQ? ( 23.0625 in )
4

v - 7 22.5% ( 23.0625 ) = 9169.8 in3
4

2 3

v, = ] 22.502° ( 23.0625 ) = 9171.6 in
4

f

error - Ve - V- 9171.6 - 9169.8 = 1.8 in’

1.8 in3 __ x 100 = .0193"
9333.22 in3

148-
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FLUID POWER INSTITUTL
HILVAUKELD SCHONL OF CHGINEERING

T v

srg7 Calipration of Laboratory Flowrate PROJECT "n, 50560

~ Reference Standard DAT 4-20-79 L !
o teennicirn S TM

pescripTION —Clingage Test ]
e s— TMSTRUMFNTATION 4

COMMENTS _ ysed Calibration Data from . . ’ *

5 gpm run on 2.3 in"/rev P D Meter

T

Counts | Counts Time Freq. Temp.

with without

Cling. lCling. ! Sec HZ. °F ' !
513165 | 513855 464.68 | 1104 90-100 ]
513158 | 513637 461.54 1111 90-100

513158 513613 458.62 | 1120 90-100 _i
513197 | 513606 460.46 | 1115 90-100

513225 1513389 466.90 | 1100 90-100

513181 513620 462.44 | 1110 95 AVE

295 165 Deviatioh &

o et -
s

L
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CLINGAGE ERROR

A A

total volume through flowmeter
9333.22 in> with ave. pulses of 513620

9333.22 inS  x 120 pulses = 2.18 in /rev

513620 pulses rev

it iAo

volume change due to clingage

DV = (P cling - P cal)k1 rev x 2.18 in’
120 pulses rev é
- (513620 - 513181)K 2.18 = 8 in> .
120 ]
clingage uncertainty = 8 in3 1
N .
/! error = 8 _ x 100 = .0857% Y

9333.22

NSRSV SRSy, TGt
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SUMMARY OF UNCERTAINTIES FOR _ABORATORY FLOWRATE REFERENCE STANDARD

1. Uncertainty of volume of 5 gallon Seraphin
bucket from NBS.

2. Uncertainty of volume of 5 gallon Seraphin

bucket from Wisconsin Dept. of Agriculture.

3. Uncertainty of Seraphin bucket readability.

4. Estimated Uncertainty from FPI Technician

5. Triggering level uncertainty.
(composite of upper and lower)

6. Thermal expansion uncertainty.
7. Clingage uncertainty.

Total Uncertainty

Total Uncertainty = 26.49

9333.22

2.079 in
216 in>
4.05 ind
4.5 ind
3.905 in°
1.8 ind
8 in’
26.49 ind

x 100 = .284%
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FLUID POWER INSTITUTL )
NILWAUKED SCHONL OF CHGINEERINA
S .3 S/rev P.D. Flowmeter Cé]ibrdean PRNOJECT "n, 50560 ]
e — N onts T
S e YECHNICIMY LTM M
DESCRIPTION - - —— — — R S —— — ]
o - T - T T T
e — - m— o= == INSTRUMFNTATICON X
CoENTS _Mobil DTE 24 0il at 957F e L !
o Ave. rieter factor J11.415 HZ gpm S
- o i ) e
B
B Trigl o= Trial #2 - 1
o al il - S
[jjf-utiﬁj AV R Total Actual Targe Ave Run P Total Actual
o Freq Tiime Counts Flow Flow Freq Time Counts {Flow
R TV T 1o T oem H SEC GPM "
[ el 6540 1513165 5.20 5 1126.6 1455.49 513158 5.32 .
iy 21447 239,35 |513328  [10.13 10 2178.5 |235.65 513357 |10.29
r L 30275 V5927 1513094 [15.23 15 3285.9 1156.13 513021 115.53 }
QL“__ d701.6 Loeo 35 [512882  (26.14 20 4187.6 |122.49 512946 (19.79 ’
Jh 5354. 7 1572 1512505 |25.33 25 5417.7 94.60 512515 [25.63 ]
3t v395.6 ALY 512222 13C.27 30 6327.3 80.94 512128 129.95 :
) 74 382 bt 79 511674 35.24 35 7455.7 68.62 511607 }35.33 fj
L - o N 59.64 1509  4C.65 40 8573.9 59.66 511513 140.63 %
{ S -
1
o 94
]
i 4 _ 1
I Trial | =4 { ’
T e RLif Total Actual Target [ Ave Run Total Actual ]
e T Time Counts Flow Flow Freq Time Counts | Flow ]
R I P GPM HZ SEC GPM d
— 1
o HhL 513158 5,00 5 112C.7 457.91 1513197 5.29 ] {
Ind.d 3.5 513235 1N 16 21511 238.56 | 513161 J10.16 ]
(AR RO 513051 14.94 15 2311 158.79 | 513067 |15.27 "
T a2 1512795 20:.33 20 4263.5 120.26 | 512729 {20.1¢6
D3 6.3 512458 25.17 25 5210.3 98.39 |512645 |24.64
2 Lobu. 6§ 20,56 15120284 0.0 30) 6342.5 80.77 512281 {30.01 y
3 154 .4 b 64 | 511672 6.3 35 7485 68.34 | 511529  )35.47 B i
— - < ®
4 A7 s 59. 66 115554 41,672 4( 8535.1 59.9/7 | 5114726 [40.46 I ]
T R o~ ;
LI o PO R S O i a P— P 3 » A_‘




FLUID POLU0 DasTivunt
BILWAUKED ST onl 0F DaGINEERING
Trey C 17.04",'-(“.‘ Podlbiowneter Ve o PROJECT 0, bl
DAT. L

< TECHNICIP AL TiMo .

o - ST T T s e — INSTRUMFNTATION
Con1s v:;~: oy 5? SR at 95 o - 3

[ R S [ R S S S

- - - ’
! Au;r.;;,l el Ren o b ototal o YActual . —
: [ . T . . . [
i J e RS Counts P ow
. B T S D IR SRR SR 5 — — -“—1!
po [ SEC M

e as5. 7% 513225 h3e
L . JiaL 239.84 513234 1o,
3067 155,02 513093 5. 34

Sedh 2100084 517865 2.0k

- OV oo y 7Y

I H S BT 512667 oo 07

RN B
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b e T SO S S
' l
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FLUIO P Vel TITUTE
HILYIAUKELD sO TS St O
ST SDOW Lol Lean La thratian PROJECT "IN,  5UHHI
- 11-3-72
o _ DAT .. oo
. J.O.M.
- . - e - ——  CTJECHNICIPrY ol -
. . Model 3067 Sl
DESCRIPTION .72 Gl S o e .
T et - o= INSTRUMFNTATION
ORI DAY SUMMdry Ot Ave. YVaiues Ashcroft Neiiht%
o o o B B Daytronics Amplifier
e Q0wIQAn DG VAo S Fluke VTIVM )
duorva ity v e N I ———
T e S e i I —- - -~y — ey T e ——y— _—Y —
Casgun JoooNS P OEC b pRet o pand o flony : ]
[N Yoltn SOt Vit Vi ue LR/
Lo voite |
0, O () T! -~
361 L34 132 36 .034 116.618
b6l GBS CBES 6.612 ) 4.943 i
ERCTERN BT 34 2603 1,293 | 9.809 !
REEEE P93 VLogeY 19,014 1.923 G.948
AR ey S5 2h RIS )[\57 99?1,
SRR , ] Rl
I, L/ IRy J Lt 3479 9.946
AR ‘ v J* Ry i.a05 19,944
B S — ———% ,
o 1 Voo iy Loheh { N { ‘;‘*’; :;946
—— ) N 4 : S
R b i 5 5/t i PO 5 7. 949 i
—_— L - _} i .
St J Lob 5okt TEL e 059 g G.653
I k - no 314 S UL Y X 1 i.956 '
o 3 P SRR SRR T 0. 16 4,959 \
—_— — L)
' ‘ T E Mt - / ot G.962
I ‘
—_ PR S . I [ S SRR ‘
- y , - ; R i :
e Per ekt v I v ‘
—_— - *\-—1» B c—— - PR S ,-‘,f,» e, -
1 - |
R - —_—— — L e »«l— - ‘; - - ‘
i l ‘ f
—_—— i e —d [ S . 4 [N —d
.r { ] |
— — e &y _
T
——— e —4 - e R N A _
{ ; | |
— 4 - R S R S A,*_u —_— - ,! - — g e e ———— g
o v 4 R S _— — l . [R— .l__ 4 [ —_— - 4 —= —A——J
i ! '
] | R SR S " [ |
e S ST W S L P S T S Al " P P ;\;;_j
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FLUID POWER INSTITUTC )
HILMAUKED SCHONL OF CHGIMEERING :
sy ”L‘t’b_Oi-‘_JWL:JPG Cell Calibration PROJECT "N, 50560 1
- _ L o DAT. _11-3-78 -3
J.0.M. o]
S , ——— e JECHNICIMY T T
DESCRIPTION - Model 3167-1060 s/n 518 _ e
e —— INSTRUMENTAT ] O .
coments Ashcraft weights :
———— Daytronics Amplifier .
INC increasing value Fluke VTVM h
JtC decreasing valiue -
T )
. Trial #5
Weight | INC DEC -
Lbs Volts Volts
'1
]
9 U 0
. 361 033 032 ]
6.612 | 665 1663 i ]
N , , :
S 12,683 [ 1.294 | 1.294 hd
RN 1.924
___‘}bf,z S 554 2.553 -
o r *J ”_‘;_\_\\-}‘3 3182
] e 3.812 ‘;
; L3 | 4.440 ;
L | T 5. 066 ] ;]
R BRLEE 5.695 {
T - T
¢ S fo303 6.321 [
S 13
N TR 6.949 ]
' ' oalh 7.575 ‘
| 3
— ] | h
S .
1~ h
1
R ]
i )
— S )
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FLUID POWER INSTITUTC
NILWAUKED SCHOOL OF CHGIHEERING

7057 Lepow Load Cell Cailibration ' PROJECT "N, 5U560
e M T T
o TMadel 3167 - 160 s/n 518 TEGNIC Sl
DESCRIPTION —- - e
———— e — — - IHSTRUMFNTATION
coienTs  Cal resister value = 73.15 1bs Ashcroft weights
e Daytronics Amplifier
_INC increasing value Fluke VTVM
JEC_decreasing value -
r Trial #] Trial #? Trial #3 Trial #4
| diant | INC DEC INC DEC INC DEC NG} DEC '
_i_‘u;;_m__iv_vt)lr_s Volts Volts Volts Volts Volts Volts Volts
. ¢ 0 0 =001 |-.001 |-.00) -.001 0
36l | L0al .039 .024 .623 .038 032 .032 .034
6.612 | 672 672 655 653 . 668 662 .663 664
=1 12.683 | 0.0 1.300 | 1.283 1.283 | 1.295 }1.293 1.294 1.297
s 19w | 1930 [1.913 1911 | 1.922  |1.922 1.924 1.925 :
75,366 | 2.556 | 2.559 | 2.542 2.540 | 2.551 |2.551. | 2.553 2.554 !
| e | 3w | 3187 ] 3.169 3068 | 3178 |3.179 3.180 3.182
27465 | 3414 ) 3.815 | 3.797 3.796 | 3.806 |3.807 3.810 3.810
a6.009] a.aa1 | a.aa2 | a.a0a 5.423 | 4.433 |4.436 4.438 4.437
50370 5.069 | 5.069 | 5.052 5050 | 5.056 {5:063 5. 066 5.064 ;
ool osena | osieos | sers 5677 | 5.688 | 5.687 5.69) 5.691 o
EIEYRY RS VAT IO VIO I 103 6302 | 6.213 |6.313 6.316 6.316 ‘
vateal owoaas | oe.9a7 | 92k 6929 | 6.939 |6.939 6.942 6.943 | i
FURVES BRI BN R NIV 7652 | 7.564 | 7.564 7.567 7.567 :
\
!
- i
I i _] .
R o
L -ihh- . N
. . e e N . - _
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Uncertainty of Lebow Load Cell Model 3167-100 s/n 517

TP e T R T TR T T R Y . T,

Reference Standard Error = .05%

Readability

Calibration

Total Error

Uncertainty

AR W LAY DA Nl W U AP

Error = .006%
Error = 24 = .008V

x 100 = .106%

"

.122 1bs

.05% + .006% + .106% = .162% = .122 1bs




FLUID POWCR THSTITUTC
SHLWAUKED SCHOOL OF CaGINESRINS
ST ccoow tiad Celi Calibration i PROJECT "N, 50560 .
- AT 5-10-79

COMENTS  Adbsoiute Value or Deviation from the Average

TECHNICIF

PESTRUMENTATION

N TACreaL i value

d2Credasing value

Trial =§

fe | INC DEC INC DEC ‘ -
VA ) Volts Volts Volts Volts
PRSI AN
\ L300 . 00G 000 .000
9 L003 062 .001 .000
6 003 00? L300 .001 ‘
b~ 003 001 000 .002 )
921 G604 .00 .00 .004
e b 02 001 Lo? 005 .
s | Lol L0 004 .006
EAE B !
| BRI \ o0 GGa 006
o !
KRN sor 007 067
Co G SO 009 4 .10 :
RS 7 e 0ol 010 010
£ 5?2 00 001 Gie .01 {
6 U 02 G613 014 |
Pl 0 .01 015 014
o K 608 ol s J
| —
! 16 UGS Yo
1 UGS voifs
?6 Luh M’\\]’i(v o ,
§ 4 |
T J"“_" - —t - - l
] 1 ] B I
l n ! I
- e _1 —_
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. FLUID POWER INSTITUTC
MILWAUKED SChONL OF CHOINEZRINS

GLST [ ppow Load Cell Call ngl_‘t_ipj___‘ e PRNJECT un, 505G

'7 B L DAT 5-10-79
1 N.A.S. .
e _ TJECHNICIAY T .

DESCRIPTIOY Model 3167-100 s/n E17

1— S e e ———— INSTRUMFNTATION
) COc 1S Absolute Value of Deviation from the Average

—oadl . INLreasing Velues R -
!l Cwte o decreasing velues
, o Trial =l Trial s Trial #2
'f}ie;ﬁ_;% ~—qrv INC DEC INC DEC ~ 7 INC DEC’
Value Jolts | Volts Volts Volte Volts Volts
) Vot |

[_ﬁll 000 .G00 .000 .000 .00C .000
029 002 003 007 001 .003 .004
561 G001 002 LG0T 001 003 003 i
2 Je iy 062 001 002 .00 002 .003
e .02 600 .G03 002 .003 .004
Qe 004 07 603 002 . 002 .003
3o 006 002 004 003 .002 004 ||

' 004 003 .002 .003
b 14 003 003 .G03 .002 .004

i
g;‘
o
o
By

_‘)_ "-‘>_ 009 .00A CTUS 1 .001 .00 .003 :

N 01 G08 05 004 000 .002
) G| 1 010 04 1004 001 .003

Ry 613 e 001 002
70 E 14 005 004 001 .000

]
(S}
j o]
)
Py
— ——_—

— —— e —— -
- J
——
— e ——— -
. e e e - -4}7 - - b J‘
i "Jéi) l
— JE—
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, @ FLUID POWER IHSTITUTC
| NILWMAUKEL SCHONL OF CHGINEERING
- ST Lebow Lued el Calibration PRNAJECT un, 50560
- S pat; =378
S e yEcHNICIM 3OM
DESCRIPTION .- Model 356721060 s/m SV7 .
e e e — INSTRUMFNTATION
g COMMENTS Surmary of Ave Valves Ashcroft Weights
8 o . Daytronics Amplifier
m_iﬁgﬁ_iﬂcreasing values Fiuke VTVM
L DEC decreasing values
. | -
r—~"'——‘—1——— 'ﬂr —‘7""——
We gnt INC DEC Ref . nd. Conv.
‘ .
1be . Volts Volts Value Value 1b/V
d b L
e | 1bs Volts
. " G -. 00} G 0 0
361 0629 . 030 367 .029 [12.448
i 6.612 661 667 6.617 661 110.003 AL
a 112,683 i.29] 1.293 12.683 1.291 9.964
i 19.114 1.921 1.923 19.114 1.921 9.936
{ 25.366 2.551 2.553 25.366 2.55] 9.944,
hiﬂ 31.617 | 3.186 | 3.182 31.617 3.180 | 9.942
g 37.064 1 5808 | 3810 37,364 3.609 | 9.942
{ 44 . 4. 436 4.43136 44119 4.436 9.946
X 50 4 5.0E5 Y 5G. 3570 5.065 1 9.945 i
U S 693 L 694 56. 62 5.693 9.946
SOUE R EETTINE BT 62.773 6.321 | 9.947 '
t 64 . G 6. 944 69.124 6.948 9.949 1
q 7o 574 7873 75.375 7.574 | 9.952
q o
o | 1
1
Tiird Ofder Mathgmatical Egror 015 Voltg ]
4
k. - _
. "',r___,,,__._J_ —
® I ]
LF. S— Ee | |
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FLUID PONZR ILSTITUTL
NILYAUKED SCHONL NF CHAIHNEERING

R Lebav Load Cell Calibration

Model 3167-1C0 s/n 517

DESCRIPTION - -~

COMAENTS

Rtk - el

g Pl Bt e e+ e

PROJECT "N, 50566
pAT;  173-78 .

JECHNICIA S OM

IHSTRUMFNTAT 10N

Ashcroft Weights

Daytronics Amplifier

L Ui oncreasing vale Fiuke VTVM ;
- DiC decroasing value 4
{ ol srn i N ol
rial =5 ]
‘Welgnr. _INC DEC ; -’
rltw ~ Volts Volts ]
L]
‘, 1
(1 (1 'OU]
. 361 LY .02
.
£.61¢ .h61 .667 I
n‘@ Z2.683 1.29¢ 1.294 @
19,104 1.923 1,926
4. 366 ¢.554 Z.557
3.6l 3.18 3.187
37.8686 3.814 3.416
44,119 4.445 4.445
5. 370 5.075 5.076 i
56.621 5.704 5.704
62.473 1 6.333 | 6.332 |
1
64,174 6.961 h.962 |
]
75.374 7.589 7.587 ]
®
Y
— —— 41—
R _ o
= !
-1606- )
— — .
1

8,

An
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e FLUID POWER INSTITUTL 3
q NILWAUKED SCHONL OF CHGINEERING !
- , |
[ TLST Llebow Locd Cell Calipbration PRNJECT "1, 50560 j
{]-“'__Lf_;,_"‘ e . pay.; 11-3-78 o
{
*.c S — vecuniciry O-0M —
. |
- 1
- e ————— —— !
' S e e e INSTRUMFNTATION
CO”MEHTS.CGI.ECS1?EES value 71.41 lbs ~ Ashcroft Weignts
{> S Daytronics Amplifier !
| _INC ncreasing value Fluke VTVM
] st decreasing value
3
i o Trial =] Trial &2 Trial 43 Trial #4
| Welgnt INC DEC INC DEC INC DEC INC :DEC )
. I1bs Volts |Volts Volts Volts Volts Volts Volts Volts
@
L ( 6 -.00) 0 0 -.001  |-.601 -.007
i o) .031 L0132 .028 .028 .032 .033 .026 .027
; RV, . 662 .663 . 660 . 660 .664 .664 .658 .660 |
G ]12.683 [i.290 1,293 1,291 |1.296 J1.294 1.295 |1.289 1.29) :
[ 19.1.4 1.920 1.922 1.919 1.920 1.925 1.926 1.918 1.921
{ 25.366 Z2.544 2.550 Z.549 Z.550 Z2.554 Z.555. 2.550 2.551
| +—
3 3i.el7 3.175 3.179 3.177 3.178 3.183 3.185 3.179 3.181
B
‘L 37.468 3.304 3.806 3.806 3,807 3.812 3.813 3.809 3.810
44,3119 4.424 4.435 4.435 4,435 4.440) 4.442 4.437 4.439
504570 5.0.57 5.000 5.062 5.064 5.067 1 %.069 5.066 5.067
56.621 H.083 5. 686 5.649 5. 690 5.694 5.696 5.694 5.695
p® {62,473 6310|6311 h.317  {6.317  6.302 6.324  [6.321 6.322 i
; 69. 104 £.93h 6.4k £.9473 6.944 6.949 6.950 6.95C 6.950 }
; AR A /b DoH60 7.569 7.570 7.575 7.574 7.576 7.575
’ ' —— -
° -
F b
I .
}' - —_
X - - T 1
f - 4 - — — e i
[ ) - g —— b - 4
- | N D I
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APPENDIX D

LOAD CELL AND TORQUE SHAFT CALIBRATION DATA
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dnpcrtaintj_gfr!Q_ip?[pgy_ﬁipﬁmfjgymggpf

devidtion 207 = 4669 hz

ave meter factor - 31.334 hz/gpm
random error = 2 & - 4669 hz
readability error = 1 hz
reference standard error = .2867Q

total error = 1.4669 hz + .286:Q

31.334 hz/qpm

NV VPN . N SRS L IS LI

instrument uncertainty = .047 gpm + .286°Q
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SRA  Manamanasan e o o0 o

FLUID POWER INSTITUTC
NILWAUKED SCHONL OF CHGINEERING

ST Ny irnj/’n‘y P.D. ﬁ]m:)\lq:n}gg_yj_@_d"ij_nrmtlon PRNJECT in, 50560

par; el

e ypcwnicrr ST _

DESCRIPTION — - — o L

T T m e s e e — = —————  [NSTRUMFNTATION
COMENTS Mobil DTE 24 0il at 95° F :

Trial =5 Trial #6
o Y T Y T . ]
| _Tarqget Ave ] Run CdTutal  1Actual | Target Ave Run Total Actual
Flow Freg Time counts Flow Flow Freq Time Counts Flow

GPM H7 S C FeM FPM HZ SEC GPM
: 5161 | 75887 5.37 5 168 451.53 | 75876 5.37
N Ny 237,25 | 79882 |10.22 10 319.8 |237.28 {75875 |10.22
B ’ 476,34 | 155.49 | 75988 | 15.19 15 476.3 |159.51 | 75974 [15.19 |
ﬁﬂw_ | eses {11930 | 75969 {20032 20 636.8 }119.27 |75957  }20.34
o, won 1 | oo e | 75926 | 26034 25 825. 92.05 | 75958 [26.34
31 1640 7878 75940 30677 30 964 . 78.75 75937 30.78

337*7_~J b | 6670 | 79910 ] 363 35 1135, 66.85 | 75910  |36.26
58.99 | 75952  |41.10

& [REZ I 57,95 759857 41.1¢ 40 1287.

c{lohw ol | w]o

—
— —
b 4
S — —_— — e 4
ey

— — —_ —
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3
| @ FLUID POWER INSTITUTC
- NILVWAUKED SCHOOL OF CHaINEERING
! SR in’/rey P.D. Flowmeter Calibration PROJECT nn. 50560
L — o S o DAT: 321-79
_ J.T.M
:r R o e TECHNICIFY —_——
{ DESCRIPTION oo o .
)
} — B .
8 e e e INSTRUMFNTATION
®  COMENTS _ Mobil OTE 24 0ilat95f '
P‘ e R . — -
. aveikeler factor = 31,334 ne/gom
y —_— —_— — ————
&
- . drial sl Trial #2
} rrjaquL Ave Run Total Actual Target Ave Run : Total Actual
ﬁ;ow___LFrgq Time Counts Flow Flow Freq Time Counts Flow
[ ° G HZ SEC GPM GPM HZ SEC GPM
{ l;_ b __J _167.5 453. 01 75897 5.35 5 167.8 |452.32 75893 5.36
L;‘“‘ 3¢C.2 237.08 75911 70.23 10 320 237.37 75921 10.22
) A 482 .4 157.62 76038 15.38 15 481.4 157.91 76013 15.35
@) o 633.8 | 119.91 | 75993 20.22 20 637.5 | 119.17 | 75967 | 20.34
| 24 $09.4 93.85 75965 25.83 25 825.4 92.12 76032 26.32
! 30 962.4 78.97 | 76001 30.69 30 963.8 | 78.80 | 75948 ]30.76
- 35 1126:.9 67.74 75928 35.79 35 1135 66.9] 75943 36.23
@, | 1276 59.50 | 75922 | 40.74 | 40 1286.8 | 58.99 | 75908 |41.10
] o Trial 43 Tridl  #4
3 |
- |
) !
Target Ay Run Total Actunl Target Ave Run Total Actual
o Flow Freg Time Counts i low Flow Freq Time Counts Flow
[ | 0 H/7 SEC GPM GPM HZ SEC GPM
E |5 b bai 145154 /5819 5.37 5 1684 45 74 175885 5.38 | \
. A R R s R .2 10 319.7 | 237.37 75885 [ 10.2) |
f. N L EESRIN LU IC I I 15.27 15 476.9 159.34 |75995 15.21
b vi6. 6 | 1134 175967 2.3 20 636.6 119.31 | 75953 20.31
T . I 9707 7547 3 63 25 $824.9 92.03 75920 26.34
L ot b an39 ] e86 ] 75959 3. 76 30 963.9 78.79 75949 30.76
o oLty | eese | 795905 | 0.0y 35 1135, 3 66.86 |75904 36.26 |
[ | ] IRCV 500,99 75977 1 41 o]0 56.98 175961 41.10 |
b - o _j
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Uncertainty of 2.3 n»3 /rev P.O. Flowmeter

deviation 2Cf2 2.49 hz

ave. meter factor 211.415 hz/gpm
random error = ZC{f 2.49 hz
readability errcr = 1 hz

reference standard error = .286 of Q

total error = - 3.49 hz + .286.. Q

211.415 hz/gpm

instrument uncertainty = .G165 gpin + .286 Q
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FLUID POWCR INSTITUTC i
NILWAUKEL SCHOOL NF CHUGIMEERING .
AT Lebow tocd Cell Cal10ratiun ' PRNJECT N, bUSHL
- e DAT. _ 5-10-79
N.A.S.
e v o TECHNICIMI CNAS
pEscaipTIoN Moded 3167-166 s/n S48 e

T —— - — e — INSTRUMFNTATION
COMENTS Absolute Value of Deviation from the Average : ) B '
_ane ncreasing values
DLC decreasing values
e o . - I
Trial =] Trial #¢ Trial =3
S
Ave | INC DEC INC DEC ©INC DEC’
Value Volts Volts Volts Volts Volts Volts
Volts (
U e . 000 .0G0 .000 .0CC .000
34 L0068 .06 .009 010 . 0G5 .00
.665 Ly .008 .009 .01 N .004 .G02 i
®) 607 007 011 011 .G01 .001 !
| 1.97) 1Y 00/ L 01C 012 00 a0l
RS Y _LG7 16 012 = (U] RO
| .07 a7 067 L0 .012 .002 .001
3. 50 Lk 067 01 612 002 001 !
A ;
4.435 | i .Cub .0C7 011 012 G2 .001
[ 1
5.003 .LUb .06 011 1 .012 .0G2 .000 i
_m% 6439 Lunh CCC7 SO .2 L0034 .002
6.5 06 605 NOF 613 602 o002 !
o A 1
h. 35 . L06 . (066 015 .Gi2 .GG2 .002 |
| 7566 7 05 .(:06 014 014 .02 002
[
I j
| S
j 1
I _ i
! - Do
| S . |

L “‘“ .ﬁﬂ.u g III-& - st dnad l“l. s lll‘ o - O e, --1‘- A




- v - e o
< Lo LT A A S . RAREARE DENR s T . " ——— CRSIAtn Tt St i 8 g S AR * A i e I
3
b

"o FLUID POWLR IHSTITUTEC
| NTLWAUKED SCHOOL OF LHGINEERINS

LST Lebow }&';pc_7C_L_']7‘1‘_ngl_1'b_rwditl()_"}_; S PROJECT *iN, 50560
- S S OAT o1 -T79 "

- e e e = TECNICIN A .
DESCRIPTION . Joder Bib/=iby s oh6 o e

: — e - e e —
; i — S e — INSTRUMFNTAT]ON

COMMENTS Absulute vatue of Deviation from the Average
- Ll I — .
[ NG INCreds ing va . ue
? JEC  dedreasing vaaue
4

Trigl #4 Trial #5
o T o TA_ "I——'
CAve p INC DEC INC DEC ;
Value Valts Volts Volts Voits

[ ® L Voits

0 .COU . 000 .000 .000
b 034 SOud .002 .000 L0017

¢ 665 . 001 602 .001 .001 |
(- P .000 001 . 000 .000 B
A <
' 1,923 .001 002 .001 .001
547 L0061 002 002 .00
- 3.179 H0U 002 .003 .002
E!h I i e 002 .603 .004
602 004 005
001 0604 1 - .003 ;
: 062 006 . 006 '
- 6,315 oot 001 1008 006 i

>
Py
(9]
o
(U%)

wh
—
o
[ea
(O8]
i Ran
e
[

(831
(@]
[
O
Z
~
N

6. b L0 002 .008 .008 1
7. 566 601 601 010 .009

p .G0% Volts

é:;— .004 Vo
& | us volts

[

<
S
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antertainty of Libew load Cell Model 3167-100 s/n 518

Reference Standard Error = .05 = (0377 1bs
Readability Lrror = 006
Calibration Error - 2 & . 008V

L008Y x 100 - 106
7.566V

Total Error = (G5 + .006: + .106"
162 = 122 1bs

Uncertainty = .122 1bs
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Uncertainty of lLaporatory Torque keference Standard

Torque Arm Length Uncertainty

010 in .01 x 100 = .033%

Load Cell Calibration Uncertainty
. 162
Angular Misalignment Uncertainty
2(A6)° x 100 46 = 1° = 01745 radians

- 2(.01745)%

x 100 = .06
Total Uncertainty = .033 + .162 + .06

2255 = 5.1 in 1bs
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, 4 FLUID PONER INSTITUTC. i
. NILWAUKED SCHONL OF CiGINEERING :
i; _Crsy pimselstein 2000 30 b PROJECT "IN, HUH6U :
L % Torg.e Shaft Calibration T _ ’;_‘ifl_f;_%{" T '
7 S DAT.. e =
E e Tecuwiciry MGAS.
! DESCRIPTION — Uaytronic. 3000 and Fiuke VIVM for Load Cells. JoM
q ~‘_Di)ir_clr1'cs_£2_2ifrfgL-Torque Shaft {
-i — i - e oo INSTRUMENTATION
. cowsgnyrs - Ea_ytromcs_ Amplifiers
_A-ioad cell 507 iength 15.022 105 Fluke VTVM
- _8-toad cell 5i¥ tength 15.033 1n§ ) T
ée _ Cal resistor value - 2616 IN 85 o
; Trial =i Increasing Decreasing
t Target A B Def . A B Def . :Calc. Torqle
Torgue Force Force of Beaml Force Force of Beam INC GEC
IN 185 | volts | volts IN Volts | Volts | IN IN LBS | IN LBS
( 0 0 0 020 |7 .007 0 0 0
200 734 . 583 .063 .593 719 094 197.90 | 197.17
460 1.379 | 1.275 125 1.290 | 1.357 156 398.82 | 397.78 |i -
' e 2.010 | 1.972 .203 1.835 | 2.151 .234 .96.39 | 599.01 i
500 2.616 | 2.708 250 2.493 | 2.828 .297 800.07 | 799.63
1000 3.243 | 3.415 .328 3.208 | 3.452 1359, 1006.54 | 1000.89
W s.931 | 4o 391 3,974 | 4.034 422 1202.66 | 1203.41 |
FA 6623 | 4.717 453 4670 | 4.650 .484 1403.57 | 1400.56
LB 5.291 | 5.393 .53 5467 | 5.208 547 1605.59 | 1607.18
11U 5491 | 6,134 594 6211 | 5.827 { -.609 1807.67 | 1808.99 |
2600 6.642 | 6.740 656 656 2010.99 '
J'
Trial 42 Inqreasing Uecreasing }
¢ (s s ces | o-.007 0 g 0
200 731 592 e 599 725 .094 198.81 198.97 |
1793 156 | 1140 1.509 156 399.13] 398.10 |
96 b | Loan | 2,146 -9 600.95| 600.21 | -
L AT BT 2.735 28 801,72 | 801.42 |
P307 13| 3300 3.356 .359 | 1003.39 [ 1003.39 |
4004 e boaae 4,600 422 1204.91 | 1204.90 i
4. 780 452 | 4,740 1.614 484 1405.53] 1405.67 |
1 5.497 516 1 5,519 6187 547 1607.06 | 1608.83 | 1
6.061 594 | 623 | 5.eee 594 | 1803.46]1813.05 |
6.755 656 N 1 201764 |3
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FLUID POWER I4STITUTC
HILWAUKED SCHONL DF DHGIHNEERIRG

MRA “‘“ﬁjmmelsLein 2000 in b Torgue Sha“t Caiibration PRNJECT YN, 50599‘4__ny,
N ont;  _Liere
S S Tecuntcran NAS
NESCRIPTION ~Jaytronics 3000 _and Fluke VIVM for Load Cells. J.Q.M.
Baytronics 3278 for Torque Shaft o
e e e — e —— e INSTRUMENTAT JON
comnenys _ I,
A - ioad cell 517 dength 15.%22 in Daytronics Amplifiers  _
o - ioad cell 518 dength 15.033 1in o Fluke VTVM L
__Cal resister value 2016 IN LBS _
___Tria) #3 Increasing Decreasing e
| Target A B Def. of | A B Def. of jCalc. | Torque |
Torque Force Force Beam Force Force Beam INC DEC
In LBS Volts Volts IN Voits Volts IN IN £85 U IN LBS
0 010 -.011 0 020 -.01% 0 0 0
20 .724 .593 078 .655 . 651 .094 197.90 196.26
3l L. 388 L. 267 156 1.306 1.326 .156 398.97 395.52 i
6UL 2.021 1.964 . 188 1.961 2.003 .219 598.84 595.69
B 2.674 2.643 250 2.547 2.759 .281 799.01 797.37
| 1o 3.2un 3346 313 3.276 3.367 -35% 998.43 998.28
i 3.4kl 4,030 391 3.958 4.329 422 1200.70 1 1200.25
e, Uaae | oang 455 | 472t | 4606 484 1399.82 | 140161
S
160 Saq 5,408 516 5.457 5.210 . 547 1600.14 | 1602.07
1807, h.347 6. 044 594 6.152 5.85] .594 1801.95 11803.73
2600 6. 600 6.733 .656 i .656 2003.62
|
Triag =4 Increaqing Ddcreasmq |
i - 017 y e -.016 U 0 0
SHy L1206 580 78 S50 . 784 109 195.35 194.62
e LAl 1.226 s 1.0G33 1.596 .156 396.47 395.10
Foll S AT Fodd Sdd o2 2.142 .234 59¢.1¢ §95.56 |
. woe | 2.7 266 | ca10 | 289 297 796.74 | 796.63
G SN BE R L L3248 3.099 3.533 .359 997.06 996.65
12 4.044 3.928 433 3.774 4.208 .42? 1187.99 11199.5¢
1 4ui 4.714 4.594 .469 4,508 4.801 .484 1399.50 1398.93
1600 5.357 5.307 531 b 317 5.346 547 1602.53 11602 .38
1500 5.986 6.013 .594 6.047 5.948 .60U9 1803.15 _11802.24
2600 6.670 | 6.706 656 656 2002.57 l
= e B
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FLUID POWER THSTITUTL
NILWAUKED SCHOOL OF CHGIHEERING

et nimmest2in 2600 in tb Torgue Snatt Calibration PROJECT "0, 500

B - ‘s 300D - ‘(j"ﬁff;f""ﬁ‘\Jj\q"f"‘“ ‘L—a‘"ﬁ.‘ﬁ‘““—‘ TECHNICTP N —pl‘i" T T
} DESCRIPTION _ baytronics 300D and Fluke VIVM for Load Ce S .
_Laytronics 3278 for Torqus Shaft

SR . I DAT. . l-idle .

h e e e — e INSTRUMENTATION
COenTS

\ : lengih 1v.000 n Dayironics Ampiifiers ~
- —= 1 atiers
- fength 15.03° 'n Fluke VTVM

L doue - 2o I LES

frral =8 nCreasing Jecreasing

—_—— -

T T T T YT - - Ty T
Plarget LA T g Def. of ° A ! 8 Def. of ¢ Calc. | Torfue

R o —

Lj[or,'ge ‘if_?‘(d‘rc:e 1 Force Beanm | force Force | Beam INC  } UEC 5
v 89 Vot [ voirs IN Jatts 1 Volts | IN IN L3S IN LBS
| oz | -.020 | o 0 0

196.56 195.51

.094

\’) fi 7042 1.927 . 203

B
s
(@2}
Ne
o
£
ededn A
(&)
ey
(%]
o
wn
oe]
[an]
Ne]
4

}‘ 597.16 595. (9
i 2.678 313 797.67 798.26
- Nt .45 ee Looape (3315 1 L37% 997.69 | 999.48 |

[ Couowb | odol2e 0 422 1 6057 13932 422 1198.81 | 1200.59
¢ o - 1399.23 | 1400.85 |
5.15] 1563 1601.50 | 1602.21 ||

b
Vol
(98]
o
.
o
(]
~No
ro
w
£

e d

>
w
(@S]
1~

—

|
!
|
|

1.288 .351 172 396.87 396.58 |i

" IR EERE 594 b oasen 1S Ten 1 BUY 1801.97 | 1803.¢7

ol b6 a0 6672 556 650 200409

-

l’". }, ! i> | s
2 - : | ;r

—

~4

}
|
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St A S B S S i o e W W Malh A et Wil B A AL AFL B A S el St et AR
Rt B PN e « P .

P FLUID POWER INSTITUTE
' HILWAUKELD SCHONL OF CHGTHEERINA

TLST  timmelstein ZUG0 an b forque “nat't Calibration PRNOJECT n, 50560

. el e DAT. 5-10-79

{ N.A.S.

e L e e TECHNICIA D
DESCRIPTION __f};,”z,ggggg_y’gx’ge_»of Deviatim’;_ trom theAA\Leragg

ﬁ . — - s ——— o —  TMSTRUMFNTATION
CO14EnTS |

> S ) -
x‘ i tf‘\x)rlvr‘:(; value

Tridgi =l Triail «2 Trial =3 Trial #4

[;Ava INC DEC INC DEC INC DEC INC  } DEC -’
Value IN IBS | INLBS | INLBS | INLBS | INLBS |INLBS | INLBS | IN LBS

L;Wb.ﬂﬁ el L ooare | vsrg L2 oise | 985 | 654 548 | 1.991
‘_395.52 REE 452 1.790 710 fe22 {1.787 928 2
594.16 | 416 | 1.230 353 | 2.426 | 1.278 | 1.902 1.406 | 2.191 i
€ =798 | 100 | o 817 | 2.547 | 039 |1.423 2.28) | 1
o |awes | Lesr | row 318 | 5768 | 1.087 |1.305 2.513 | 2.928
i | dimr Lotwer | o3.707 Vosser | o763 11273 | 30563 | 1.983
s00 | 4usi |63y | .03 2019 | 2.589

(V%)

~o

(O]

(o9
e
<
[
e
NG
Ve
O
PN

EERE bonal 30137 3.257 4.757 3.653 1.953 1.393 1.573

A RN A 5.4 1464 7951 .979 1.299 1.799 7. 809 -'

[ 3N BEAN]

- N SR 3.5 PRI RES 5.575 U575 495 1 3495 4.555 .65 :
C |
[ ] ) T IR — R
- Ay cidd Y |
: — — - SRR
v Va. i | i Ut |
r —_————— — et
. n o
R iNoLnh PNOLBS N By
; -
¢ ULPIER L . 380 « - 2160 infibs
g RS A7 746

IR SRR ‘h & 1.326 ir-ibs

[ , . - y

793, A b i

ENRPESRE B R i (J 2.651 in-Bbs

bodd. 36 1,063 AN

ﬁ—\_, —— 4 ——— - g -
EEATIE DR 138 RV o n 784G '
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Uncertainty of Himmelstein 2000 in-1b Torque Shaft j
Laboratory Reference Uncertainty = 5.1 in-1bs

Readability Uncertainty = 1 in-1b

Calibration Uncertainty = 21;’= 2.651 in-1bs i

Total Uncertainty = 5.1 + 1 + 2.65 = 8.75 in-1bs ]

)

1

e AL

AW

-176-

L ! A 4 LM - AN ) .

— s Y : eedboniamtomei ibeiaanarli i ssmadim e b ST L. S S V. S DA VAL S S0, S W SN N T, WG S S




APPENDIX E

TEMPERATURE CALIBRATION DATA
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e oSS AT 5 5.2l et o ubinchan Tite “Aiin B i *Riin

Reference Calibration Error = 1°F

Readability Error

RE = 2 x smallest scale div.

2 + RF]

RF, - 3(]_e(.S—].]w))

Smallest Scale Div. = 2°F

1.05°F

Total Uncertainty = 1 + 1.05 = 2.05°F
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Uncertainty of Laboratory Reference Standard Thermometer #673650
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DA, N VNI de.«_.x.l

FLUID POWER INSTITUTL
NILWAUKEC SCHONL OF CHGIHEERING
LT Omega iron - Constantan - PRNJECT "IN, 50560
- Thermocouple Calibration DA].  10-19-78
S _ e ECHNICIA Z:OM-
DESCRIPTION - Jhermocouple #0 b
T T - — INSTRUHFNTAT]ON

CO”MCNTS.EgﬁliPLQEGQ with 10 ft. of extension lead

DAS

Thermometer 67365u

.y

LW

AT, . TN

I $.. "D P

PR

”};};cn [ rrial Trial Tria) Trial Trial : Ave T

e | ] #2 43 #4 #5 Value

L - >’F oF of oF . oF of
40 41.5 38.7 39.6 37.1 39.2 39.2
5 50.4 48.0 48.2 49.7 49.3 49.3
60 61.8 58.5 58.6 59.8 59.3 59.3

1 70 09.8 68.7 | 69.2 69.7 | 69.0 69.0
40) 78.8 78.9 78.7 78.6 79.0 79.0
9 89.4 88.8 89.1 89.5 89.3 .. 89.3
el 99.5 97.7 99.6 99.9 99.2 99.2
1 107.8 109.1  109.2 0.2 {109.2 109.2

e 120.3 118.8  [119.5 119.5  [119.6 119.6
i) 128.8 129.2  |129.4 128.3  {128.8 128.8
14 138.2 137.9  [138.9 138.5 |138.6 138.6
50 149.5 149.5  |149.7 150.7  1149.8 149.8 j
661 158.5 158.9  |159.4 159.9  [159.3 159. 3 }
|7 168.5 168.2  |169.8 167.9  |168.7 168.7
Al 1801 179.4  |178.5 179.2  [179.4 179.4

[ 169. 0 190.1 [1-9.9 190.3  [189.7 189.7

C;jﬁ”i 199.72 199.0 199.3 201.8 |199.8 199.8
205 - 204.6  |203.1 205.3  ]204.5 204.5

1
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FLUID POWER INSTITUTL
NILWAUKEC SCHOOL OF CHGINEERING

MG AT A A

TR w

Mule il aniah aiviete SRR St 4

R el Sued

oW Ty " .

sy Omegya [ron - Constantan . PROJECT N, 50560 :
‘e _._.__Thermocouple Calibration = DAT.  _10-19-78_
e ~ . e TECHNICIM J]_QL ——
DESCRIPTION — -+ — e — _DG____ -
Thermoeouple #0 o o e
- ————— : —— : INSTRUMFNTATION
COMMENTS  Absoiute Value of Deviation From The Average L
e ] .rial _ |Trial | Trial | Trial |Trial 1
Value 4] #2 #3 #4 #5 .
o oF °F oF °F of |
39.2 2.6 .5 .4 .2 2.] ‘
19.3 I 1.3 1.1 .8 .4
53.3 2.5 1.2 1.3 1.6 .5 i
N 69 8 3 2 1.2 7
79.1 2 1 3 1.0 1.6
I | .5 2 4 2 s
o 3 1.5 4 3 7 |
V.4 ] G .6 1.6
L 7 1.2 1 ] A
i .‘ 0 .4 .6 5 05 i
0.6 .4 1.3 3 7 N
T 3 3 | 2 .9 '
I b .4 i ) .6 |
b/ ; ] Z .8
17,4 7 0 .9 5 2
L 7 4 2 6 6
e P 3 5 R 2.0 ]
L_ G 1 1.4 7 1.3
o 6~ |.ue6 fF
1 Qd 730
— j
-losu ‘__L___._._.J |
- . —— . e als i

. _FNFUNTORY, A TErAPUPRPOTRINN ) S Y |

PRV Y SN

AT

e a A

S . 0
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Uncertainty of “orking Instrument Thermocouple #0

. JY VAR

Reference Standard Error = 2.05°F

Calibration Error 2 Eg = 1.732°F

I

JAOF

Readability Etrror )
"

Total Uncertainty = 2.05 + 1.732 + .1 = 3.88°F B
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F; FLUID POWER INSTITUTE

3 MILMAUKED SCHONL OF CHGINEERING

E? et Omega Iron - Constantan - ~ PRNDJECT N, 056G
- - Thermocouple Calibration L pat.  10-19-78

-

< et 2OM
' DESCRIPTION — — — -~ D.G.

coienTs Calibrated with 10 ft. extension lead

Thermpcouple #1

INSTRUMFNTATION

DAS

Thermometer 673650

r_:arget Trial Trial Trial Irial Irial i Ave _7 l
Vaiue 4] 42 43 £4 #5 Value
i a °F vF F °F - °F °F
al, 41. 1 38.8 39.2 38,7 38.1 39.2
50 49.6 47.8 47.6 49.9 50.5 49 .1
60 62.4 59. ] 58.3 57.3 58.5 59.1 |
69.3 68.3 69.0 68.6 68.1 68.7
ats 79.4 78.6 79.0 79.8 78.6 79.1
3! 90.4 88.8 88.2 90.1 87.7. 89.0
104 98.8 98.3 99,2 98.1 97.4 98.4
li 108.6 1093 | 109.1 109.7 | 107.8 108.9
12 119.6 118.3 118.6 120.6 117.7 119
3 128.9 129 1 128.4 1301 1129.1 129.2 _
14: 138.6 138. 4 138.3 1401 140.5 139.2
150 149.6 148.8 | 147.8 150.8 | 148.8 149.2 i
o, 159.8 | 158.2 1598 | 161.1 | 158.7 159.5 }
1/ 168.9 1697 169.1 169.2 170 169.3
4 179.3 179.2 | 179.9 179.0 | 177.3 178.9
i, 1497 189.1 149 P 189.2 189.8 189.4
[ - 1992 198.5 | 200.9 260.5 | 200.2 199.9 ]
B 205G 205.7 | 204.3 204.3 | 205,3 205

o WP |
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FLUID POWER INSTITUTC
NILHAUKED SCHONL OF CHGINEERING

TLST Omega Iron - Constantan 7' 7 - PRNJECT «n, 50560
—__ _Tnermocowple Calipration par: 101978
e e TECHNICI M f_'o'_M..'._ ———
DESCRIPTION - o 0.6,
Thermgcouple #]
s e e — e — e e THSTRUMENTATION
COMAENTS Aoggjgﬁngilue of Deviation from the Average L
Ave | Trial  |Trial Trial |Tria) Trial : ’
Value A #1 #2 #3 #4 : #5
F °f °F °F °F - °F
39.¢7 1.9 .4 0 5 1.1
49. 1 .5 1.3 1.9 .8 1.4
591 3.3 0 .8 1.8 .6 I
6. 7 6 .4 .3 ] .6 '
79. 1 3 5 1 7 5 -
89.0 1.4 .2 8 1.1 2.3 ..
9.4 .4 . 8 .3 1_0'
0.9 3 .4 2 ! 1.1
Lo 6 4 1.6 1.3
129.2 2 0 5 1.6 4 0 :
REN: 6 -8 .8 .9 7
1497 4 4 4 1.6 4 '
159,56 -3 1.3 1.3 1.6 .8 }
169. 3 -6 1 | i 7
{ 1759 4 .3 3 | 1.6
S BT 3 3 3 2 4
E‘ P9 o 7 1.4 1.4 b .3 ]
: o 2 N 7 7 3
}
r. o
-_ B e
& L9281
J
RFr | &4a i g
BLE B | |
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Uncertainty of Working Instrument Thermocouple #1

-y

Do i e o " " \
- ’

Reference Standard Error = 2.05°F ]
Calibration Error = 26 = 1.848°F j
]
Readability Error = J19F 1
|
:

"

: Total Uncertainty = 2.05 + 1.848 + .1 = 4.00°F
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APPENDIX F

BREAK-IN SURVEY RESULTS
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~Svurveys Mailed=32 Receved=13 Dectined =7

1.

No Response = |
PUMP BREAK-IN PROCEDURE SURVEY

MSOE_ FLUID POWER INSTITUTE

* Complete and return by 16 Dec., 1977 *

Instructions:

Please circle the appropriate response to the following questions and/or fill

in the required information. Additional data is requested in the attached

chart.

1.0 Break-In Procedure General N A= wo auSwenr

1.1

Do you have a criterion for determining the point at which a pump
is satisfactorily broken in?

>F @14 NAI

Is your procedure based on developmental or laboratory studies?
7 @3 NAI

Has your procedure evolved over time and experizance with product?
(O @A  NA

Was your procedure arbitrarily arrived at?

EH ™ NAl

Are identicel procedures used in production prior to product
shipment and in the service department?

D12 No NAI

Do your engineering department recommendations or laboratory
test procedures differ from 1.5 above?

€ | ™I NA|

2.0 Break-In Procedure Specifications

2.1

2.2

2.3

Do you cond:. ct your pump break-in at:

Constant pressure @5{ @1 NA I

Constant speed (D0 @A Yes +No |

Constant to: que Yes @13 NAI

Do you have contamination sensitivity test results on your pumps?
@5 @7 NAI

Do you have different break-in procedures for different gear pump
design features such as bearing types, bearing mounts, shaft seal
types, and pressure loaded wear plates?

®3 ™9 NAI

If yes, how many different break-in procedures do you use?

b2 A




b .
)-8 2.
B f
V.-
.- ’
8
b GEAR UM BROAV-IN PROCENDURL
[ ~
“‘: 28 1 cnt each difrferent break-1n procedu e ovou recommend to prepare d
. ( sample qear punp tor one- Lime qualification test.)
l Product Description: o ) : e
| - . .
- ! Shectral Fluid: o o o
i Contamination:
. Additives (Lubricity):
'
{ § Additives (Abrasion):
; ! T
§ ; Water Content |imit:

Procedure (Describe each different qgear pump break-in vrocedure you use

t ; and stdte the important design teaturcs which set this one

; apart from the others- Be sure to include information

: reaarding range of variable conditions, ie. speed, pressure,
g torgque, on and off time, and total elapsed time of procedure.
P' ; Use extra pages if needed.)
] |
¢ i For a summary of the responses to this section of the gquestionnaire,
t ! See Section 2.2.2 page 84. R
S
-
SH

. *

.

-

:‘ |

P |
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3.0

Are you willing to submit to MSOE an oil sample from your break in test
stand for contamination particle counting and water content in exchange
for the fluid an lysis results at no charge to you?

@8 ©5

(1f you check yes, we will send you a clean bottle.)
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4.0

The research procram consists primarily of testing tne overall eff’ciency
of 18 hydraulic g:ar pumps during the first few hours of the pump's lives,
that is, during tae break-in period. A uniform break-in procedure will

be devised based ipon the results of this survey. Later, selected
manufacturers will be asked to contribute six pumps each for the test

program.

Are you willing *o participate in this test program by contributing 6
identical standard preduction gear pumps in exchange for confidential
test results at no charge? The data generated and reported will be
coded to maintain confidentiality. The Army will receive only
statistical summar~ies. VYou will, however be credited for participating

in the pr¢;ram.
9 @ 4
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5.0

MSOE FLUID POWER INSTITUTE
PUMP BREAK-IN PROCEDURE SURVEY

External Gear Pump Design Features

Needle Bearings

Roller Bearings

Hydrodynamic Plain Bearings

T.F.E. Plain Bearings Steel Backed
T.F.E. Plain Bearings Filamnent Wound
Resilient Shaft ! :al

Mechanical Shaft Seal

Press Fit Bearing Mcunt

Self Aligning Bearing Mount.

Pressure Loaded Wear Plates
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APPENDIX G
NFPAT3.9.17R1 CALIBRATION ANNEXES
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ANNEX A .
o
A GLOSSARY ©OF TERMS IN SUPPORT OfF TESTING IN A HYDRAULIC

{
FLUID POWER LABORATORY B
Purpose: L
o set forth those terms and their definitions needed to understand ';

the technology associated with accurate measurement of the physical

variables encountered 1n the acsessment of fluid power equipment.

TLoue o
i

.V Includes terms used for understanding calibration of instrument ..

2.2 Includes terms used for understanding measurement of physical
variables in fluid powor <ystems.

S,

Unferences:
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3 TERMS AN Ot N T
— So0 AGRNUy T AR L rRGn OF OrganTzat on 0 Lart, e tior, et ten? )
or o divisine af an organization whion maintaing cqguioment and 1
Support ~ocords tor the surpose of cnqaging o oany o or gl oo
the tollimeing: <
Ao Cativrasior of Reference Standards
B Calibration of Working Instryments
' Tos i o Fiutd Power Cqulpment
a0 galibration: The process ot comparing a first Reference Standard
to o second Reference Standard or Working Instrument Reference
Stanaird or Working Instrument
S04 CLalinration Situation: That time when a Working Instrument i
AL A }
Calibrated 1gainst a Reference Standard.
St Certitrcate:r Awritten statement by a Certified Calibration
fgoncy tnat o calibration nhas been carried out In accordance with
thiy standard.
S Laitbration: The nrocess of comparing a Lertitied
Standard to another 2eterence Standard or Working in-
e oraviding subporting docymentation in oacoordanoe
Stanadard.
Gon Certifiaf Calibration Agency: Any Acency which maintains Refer-
ence Stacdards and supporting documentation in accordance with
tnis standard.
—
4.7 Certification Lineage: That path which traces the calibration of
an instrutent to the Ultimate Reference Standard.
4.4 Dummy Calibraticn: A process whereby a signal to a transducer
o simulated o'w tronically in order to facilitate the return
nf electronic a'ns to the laveils uoed during Calibration. Use
of NDumemy Catinration s not oa substitute for Verification or
Calinration.
4.3 ELnvironmenta! Factors: Any physical variable other than the mea-
surand which atfects the output of an Instrument. In a pressure
trapsducer, Foroanstance, temperature mdy Caust o a span or zero
yhi e, making temperature an Environmental Factor affecting the
are g reasgrement . In anpther case, pressure may affect o
torerat are transdicor, making pressyre the favironmental Factor.
R Eypors The ootrrated gncertainty curvounding 4 given megsurement
S AR O tre bhogndar e Lo wWhich the trge valge Dies
pealt p ety e Toddogted Yo
e e b e A oo har o graupt ot ncertainty
W r e Tty v and i e Tthgrande g
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16 Marcn, "4l

3.1.1.4 Calculate the Readability Freor for the
Feadout Device with the Formula:

Value of the S allest Scale Division
[KFy x v, 4 2.0]
3.1.2 The overal] Readability Factcr for a Readout Device having
a moving column, such as 1S the case with a liquid manometer,
shall be calculated using:

RE =

_ 2x Value of the Smallest Scale Division
REy + 2.0

Where RF] is determined as in clause 3.1.1.2

i.0 Digital Readout Devices

RE

3.2.1 The Readability Error shall be calculated using the
formula:

RE = Smallest Change in the least Sianificant Digit

3.2.1.1 Tare into account the fact that by design, the
least significant digit in some Digital Readout
Devices does not have 10 discreet integer levels.
Use the value of the smallest integer change
possible for the particular readout.

4.0 Readout Device Labels

4.1 tnter the overall Readability Error, as determined in clause
1103, 3.1.2 or clause 3.1.1, into the Readout Device's label.
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Draft #1
16 March,

ANNEX D

RECOMMEND P..OCEDURE FOR EVALUATIN® READABILITY
ERROR OF READOUT DEVICES USED IN FL':i0 POWER TESTING

Purpose: To set forth the procedure for determining the amount of error
contributed because of the inability to assign an unlimited number of digits
to the indicated value of a measured quantity.

Scope:
2.1 Includes both analog and digital Readout Devices.

Evaluation of Readability Error Factor.

3.1 Analog Readout Devices

3.1.1 The Readability Error (RE) for a Readout Device
equipped with a pointer shall be calculated using:

rp - Yalue of the Smallest Scale Division
Tﬁ?} X R?é +2.0]
Where RF],and RF, are determined from properties of the Readoul
Device as follows:
3.1.1.1 The Readout Device shall be equipped with a
parallax error minimizing feature.

3.1.1.2 Determine within 10%, the width of the smallest
scale division in mm (W)

Calculate RF] with the formula:

RF] - 3(] - e 2.5 - 1.‘”) W > 0.5 mm

RF1 = 0.0 W < 0.5 mm

3.1.1.3 Estimate the width ot the pointer to the
nearest 0.25 mm in the reqgion on the pointer
where the readina is interpreted. Divide
the width of the smallest scale division found
in 3.1.2.2 by the pointer width to form the ratio, 1.

Calculate RF2 with the formula:

QF = ] - ;“0-6(“‘.}) 1 7>7 ].O

RF, = C a < 1.0

1974
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cated Values and values of the Lnvironmental Factors measured
during the Measurement Situation into the formula. That re-
sult is the estimate of the actual value at measurement time.
[ts Calibration Error is the a~ount recorded in clause 8.6.

w . M S B S S S S UL SO0 SN B Bl Pl it Sindh Bt Sast Sodh 8 - .4 T-.vﬂ
"\l|.|.:’ !
ratt s
|4 "1“:' AT
8.3 [valuate the coetfioients i the Matheratical Moode oay
Teast squares fatting methods applied to al! date taben
from calioration in accordance with Annex C.
£.4 Calculate the difference between the Indicated Value and
tne value predicted by the derived mathematical riode] of
all trials at each Reference Value by:
Indicated Value - Predicted Value
4.5 Calculate the standard deviation of all values tound 1n K.4
over the total range of Reference Values.
5.6 Multiply the standard deviatiorn by two for o cont denice Tevel
of 95 . Enter this as the Calibration frror on tie Working
Instrument's label.
3.7 Implement the Mathematical Model by substituting the Indi-
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8.0 Fourth Order Mathematical Model:
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ANNEX C
Draf+ #3
13 June, 1479

Note: If the average indicated Volue deviates from
its correspnading Roference Value by V0 or leus,
the RPeforence value may be substituted for the
average idicated Value with rinimgl aiverse
pfipot,

7.2.5.17 In the Measurement Situation, enter cach In-
dicated Value into the ordinate and read the
best estimate of the actual value from the
abscissa.

7.72.5.2 Assume linear interpolation between discreet

data entries.
7.2.5.3 Take Envirgnmental Factors into dccount by:

A, An a'lterndte mathematical model which
included their effects.

B. Using instruments which have insignifi-
cant anfluyence by Envircnmental Fartors,

C. Controlling fnvironmental Factors during
the Measurement Situation to be insiyni-
ficant agreement with their values during
calibration.

A Fourth Order Mathemetical Model accomodates complex mathe-
matical functions which relate the actual value to the Indi-
cated Value and any influencing Environmental Factors. It
has no specific general form.

Determine the general form of the mathematical relationship
using any one or combination of the following means:

Bo201 Use accepted thoories.

H.2.2 Use empirical data as determined during controlled
experiments on the instrument.

o703 Use manufacturer's data, such as, for instance, zero
shift due to terperature, or span shift duc to viscos-
ity, eto,

PL204 Tanore Tnvaronmental Factors when they are brought into
cuffrcient agrecoment in the Measurement Situstion with
the values that existed during the Calibration Situction.

B.2.0 lgnore foyirapeensal Factors which are bnown to have an
inargnsfrcant S lgerce gion the Indicated Value,
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6.6
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ANNEX C
Draft =3

13 June, 1979

fvaluate by, by dand aj using linear regression on @l] data
from all trials of calibration as conducted in Annex C.

Calculate the difference between the Indicated Value and
the value predicted by the derived mathematical model of all
trials at each Reference Value by:

Indicated Value - Predicted Value

Calculate the standard deviation of all values found in 6.4
over the total range of Reference Values.

Multiply the standard deviation by two for a confidence level
of 95%. Enter this as the Calibration Error on the Working
Instrument's label.

Implement the Mathematical Model by substituting the Indicated

Values and values of the Environmental Factors measured during

the Measurement Situation into the formula. That result is the
estimate of the actual value at measurement time. Its Calibra-
tion Error is the amount recorded in clause 6.6.

Third Order Mathematical Model:

7.1

Ll B

A Third Order Matheme: cal Model makes use of a point-to-point
correction under the assumption that corrections are linear
when Indicated Values taken in the Measurement Situation lie
between data points used during the Calibration Situation.

tvaluate the Calibration Error

7.2.1 For each Reference Value: Calculate the average Indi-
cated Value of all the trials at each Reference Value.

7.2.2 Calculate the difference between the indicated value
and the average indicated Value of all the trials at each

Reference value by: Indicated Value - Average Indicated
Value.

7.2.3 Calculate the standard deviation of all values found
in 7.2.2 over the total range of Reference values.

7.2.4 Multiply the standard deviation by two for a confidence
level of 95%. fEnter this as the calibration error on
the working instrument's label.

7.2.5 Implement the Mathematical Model by constructing a graph
of the average Indicated Values found in clause 7.2.1
(as averaged over 111 the trials for each Referenced
Value) vs. the Reference Values.
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ANNEX C
Draft #3
13 June, 1979

5.2 Evaluate the Calibration frror

5.2.1 Use the Calibration data as recorded using Annex B.

5.2.2 Calculate the difference between the Indicated Value
and the Reference Value of the five trials at each
Reference Value by: Indicated Value - Reference Value.

5.2.3 Calculate the standard deviation of all values found
in 5.2.2 over the total range of Reference Values.

5.2.4 Multiply the standard deviation by two for a confi-
dence level of 95%. Enter this as the Calibration
Error on the Working Instrument's label.

5.2.5 Implement the Model by using as indicated on the Read-
out Device.

6.0 Second Order Mathematical Model:

6.

6.

1

A Second Order Mathematical Model assumes that the Indicated
Value 1s related to the actual value of a physical variable

and any influencing Environmental Factors through a formula

of the form:

m
Actual Value = b+ b, x (Indicated \’a]ue)k + lea.f(E.)
0 K
k =3 =
where £5 1s one of n influencing Environmental Factors, f(E.) is
the functional manner in which E5 affects the measurement ot the

actual value and aj is a linear coefficient which affects the de-
gree of effect.

Determine f(Ei) by any one or combination of the following methods:
£.2.1 Use acceptable theories.

6.2.2 Use empirical data as measured during controlled experi-
ments during Working Instrument Calibration.

6.7.3 Use manufacturer's data, such as, for instance, zero shift
due to temperature, or span shift due to viscosity, etc.

f£..2.4 Ignore Environmental Factors when they are brought into
sufficient agreement in the Measurement Situation with
the values that existed during the Calibration Situation.

6.2.5 Ignore Environmental Factors which are known to have an
insignificant influence upon the Indicated Value.
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ANNEX C
Rt COMMINDLD METHOD FOR DETERMINING AN INSTRUMENT'S CAL IBRATION

ERROR THROUGH DEVELOPMENT OF A SUITABLE MATHEMATICAL MODIL

Purpose:

1.1 To set forth the procedures for driving mathematical models
of a Working Instrument and, when applicable, to evaluate
effects of Environmental Factors.

1.2 To determine the Calibration Error of a Working Instrument.

1.3 To set forth procedures which can be used to bring an instru-
ment's Calibration Error to approach its limit of non-repeat-

ability.

1.4 To determine the value of Calibration Error to be entered on
the Instrument's Label.

Scope:

2.1 To include four different models.

&2 To include methods of dealing with Environmental Factors.
Jefinitions:

3.0 Refer to Annex A.

5.0 ATl terms used in this Standard which are capitalized are
defined in Annex A.

‘neral Procedures:

4.1 Select a suitable Mathematical Model from one of the four in
clauses 5.0, 6.0, 7.G, or 8.0 (Note: The amount of Calibra-
tion frror in most Instruments will depend upon the Model
“lected. Higher order Models will yield smaller errors).

L2 fvaluate the Model in accordance with the applicable clauses.

4.3 Ffnter the Calibration Error, as evaluated in the applicable
clause, on the Instrument's label.

et Order Mathematical Model:
S A Barst Order Mathematical Model mabes direct use of the

valae of o Readgut Device without resorting to
arv e caana o Thin T teaeent aad Roadagt Device arve

;v[‘Vl,l“ ¢
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TABLE 2

FREQUINCY OF CALIBRATION - WORKING INSTHUMENS

variahle/Type of Working Instrument

[IRROININ

rain GaOe. oo e e e e 24
Catibrated Motor. ..o e e 12
Cradled Dynometer. .. .o i e et e 10
PRESSURE-
2 L T L 12
FLOW:
3 I T 5770 52~ 12
SPEED:
Mechanical Tachometers. ... i e e e 6
DC tlectrical Generaters. . ..o e 6
Electronical Digital Frequency Meters................ ... 2
Dther Ty RS i e e 6
TEMPERATURL :
LS I 107 12
*NRCE : ,
0 ad WO TON S . 10
B aANCe SCaAY S . L e e e 6
LAl el S e e e e 6
DLhE T Ty S . it e e e e e e e e 6
STENCE
age Bl S e e e e 2
S T 2 R 5
I 04T 43 ok l
TIME:
AT Ty DS e e e e 2

Months
Months
Months

Months

Months

Months
Months
Months
Months

Months

Years

Months
Months
Months

Years
Years
Months

Months
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T FREQUENCY OF CALIERATION - REFERENCE STANTARDS

Y T o
o

YT

T

v

P

Variable/Type of Standard Freguency of Calibration
TORQUE:

A ain GG ittt e e e tvery four ycears
Force and Distance. . ... oo . Every five years

PRESSURE:

Master GuageS.............. e tvery two years
Dead Weight Testers. ...t Every ten years
Strain Gage. .. e Every two years
Other TrancduCerS . e e e e Every two years
L QUi M el erS . e e e Liquid properties every five

years height every 10 years

FLOW:

fooitive Displacement Reference Meters... ... .. .. Fvery five yerars
Turbine Reference Meters. ... v i, Evebry two years
Volure and Time ProversS. ...t i Every ten years
werght and Time Provers. . .. oottt i i Every ten years
S

tlectronic Digital Frequency Meters.. ..o oa.. .. Every year

R L SL A o ¢ 433 R OO Each use
Peference Tachometer. . .ot i Every two years

TEMPERATURE:

R U 4 I O - .3 - Every. five years
BT o 1) L 2 Every year
T T O Fach Use

G bl ded . e e Each Use

FORCE :

Dot Welghts . o i i it e e e e e Every ten years
T O o O Every two years
L TR Y o - 1 =23 Every year

e vagi,r .
Liht '\’\’-_,f_

T oL e Yol S N Every ten years
S ST N i ettt e “very ten years
Micrometers. . oo e e et e e Every two years
TIME: .

Electronic Digital Timers.. ... inn. .. Every year

Chromnmeters, Mochanical. oo ii i i Every six months
Tovearareters, Electro-Mechanical. oo oo o fvery year

LR
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Draft =2
14 Anrid, 104

705 Working Instrument tdentification
7.0t Tdentificaticn of the verson resconsible for the Calibration
of the Working Instrument,
/.¢ Enter the date of the next required calinration on the Label in the
appropriate place.

7.3 Ffnter the Jotal Error of the Reference Standard on the Label in the
appropriate place.

T

7.3.1 1f the Tota) frror is stated in terins of the Maximum or full-
scale value, use that value. .

7.3.2 If the TJotal Error is stated in terms of the Indicated Value
(Reading), use a value determined from that and the fuil-
scale value of the Working Inctrument beino calibrated,

. Ny-

7.4 Afrix the Label to the Instrument's Readout Device in a manner
which will discourage its inadvertent removal and yet will not
interfere with reading.

Propcse a Mathematical Model of the Working Instrument in accordance with
Annex . &

e W s
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q
P 6.1.3 Collect calibration data. i
b 6.1.3.1 Couple the Working Instrument to the Reference :
: Standard. K
-
,‘ 6.1.3.2 For Working Instrunents which are subject to i
; hysteresis effects due to, for instance, 3
b material chueracteritctics or static friction,
g carry out the calibration for both increasing
and decreasing Reference Values. ]
li 6.1.3.3 Take advantage of any correction charts or
mathematical models which may have resulted
- from Calibration of the Reference Standard
- which are needed to confine the Reference
Standard's Total Error to the Certified amount.
- 6.1.3.4 Make corrections to the Reference Values for
r( any other Systematic Errors when the relationships
] with other physical variables are known and the ;
i rhysical variables themselves are known (measured) .
\ at the time of Working Instrument Calibration and
if the effects of the Systematic Errors will other-
f. wise be significant.
3 6.1.3.5 Record data:
‘ A. Reference value, after any corrections as may
- — be applicable from the two previous clauses.
i“ B. Indicated Value from the Working Instrument.
] 6.1.3.6 Repeat 6.1.3.5 for at least five trials and use
‘ at least 10 calibration points for each. Use the
same set of Reference values during each trial.
6.1.3.7 Make note of anything unusual about the physical
appearance of the instrument.
6.1.3.8 Sign the calibration data sheets and place them
into a safe, permanent file. This record is the
Working Instrument's Certificate.
7.0 Instrument tLabel
7.1 Prepare a Label for the Instrument which will identify and have room
for the following data:
7.1.1 Date of the next scheduled Calibration as reguired in Table 2
of this Annex in order to remain in Certification.
7.1.2 Total Error of the Reference Standarc used in Calibrating the
Working Instrurent.
: 7.1.3 Calibraticn Error of the Working Instrument as determined after
. development of a Mathematical Model in accordance with Annex D.
: 7.1.4 Readability Error as determined in accordante with Annex E.
! ~
, @
b
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ANNEX B

RECOMMENDED METHOD FOR CALIBRATING WORKING INSTRUMENTS FOR USE IN
TESTING FLUID PONER EQUIPMENT

Purpose: To set forth the calibration procedures of Working Instruments
used in fluid nower measurements.

Definitions:

3.1 Refer to Annex A

3.2 All terms used in this standard which are capitalized are defined

in Annex A. .

General Procedures

4.1 Select a Reference Standard per clause 5.0.
4.2 Calibrate the Working Instrument per clause 6.0.
4.3 Prepare an Instrument Label per clause 7.0.

Select a Reference Standard:

5.1 Which is certified to have been, itself, traceably calibrated within
the intervals given in Table 1.

5.2 Which is free of physical damage except as noted on its certificate.

5.3 Which has had its total error evaluated and certified.

5.4 Mount the Reference Standard in an attitude indicated on its
Certificate, or in that attitude recommended by its manufacturer.

Calibrate the Working Instrument at the applicable frequency given in

Table 2.

6.1 Select a Working Instrument which is free from physical damage.

6.1.1 Mount the Working Instrument in an attitude recommended by
the manufacturer or in an attitude expected in the Measurement

situation,

6.1.2 Make zerc value checks with the Working Instrument physically
uncoupled from any possible Yoading effects.
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Scope: 3
2.1 To include requirements of Reference Standards.

2.2 To include requirements of Working Instruments.

2.3 To include procedures for calibrating Working Instruments. i
2.4 To include the requirements of the Working Instrument's Label.

]
|
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Snubber: A hydraulic restriction deliberately placed between the

source of pressure to be measured and the pressure trancducer for the

purpose of damping pressure pul<ations.

Static Pressure: That pressure in a line which does not include
effects due to fluid momentum.

Steady-State: An operating condition in a hydraulic system
which is character1zed by the?,act that

T, + ol z 4 2TV e
y:u)df = | prodt
LB

and where rlihnd 1, are arbitrary and k is an integermultiple of
the period of the fundamental frequency of the pulsation.

Symmetry Test: A test conducted on a Snubber for the purpose of
determining the extent to which its reverse pressurc-flow
characteristic agrees with its forward pressure-flow character-
istic for the further purpose of assessing its Error Contribution.

See Section 9 for details.
Systematic Error: A repeatable error which is caused by a physical

phenomenon which, if sufficient experimental evidence exists, can
be eliminated.

Testing Agency: Any Agency which conducts tests on Fluid Power
Equipment.
Total Error: The tota) estimated uncertainty in the value of a

measured quantity caused by the combined effect of all Error
Contributing phenomena.

Verification, Working Instrument: An abbreviated calibration

procedure carried out at specified intervals between Certified
Calibrations.

Working Instrument: A measuring system, which includes interconnecting
Tinkages, any necessary signal conditioning and signal processing and
the readout device, which is used by the Testing Agency while conducting

tests on Fluid Power Equipment.
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Mathematical Model: A graph, chart or equation which relates the

indicated Value to the value of the measurand.

Measurement Situation: That time when a Testing Agency

incorporates Working Instruments in the testing of fluid power
components and/or systems.

Physical Standards Laboratory: That agency which is recognized
by a national government as capable of maintaining Ultimate
Reference Standards.

Pressure Measurement System: All those devices which are

interconnected between the system, the pressure of which
is to me measured, and the final readout device.

Pressure Transducer: Any device which senses fluid pressure and
converts it to an electrical signal.

Random Error: An error which has no known physical cause and is
completely unpredictable except within some bounds.

Readability: A generic term used to describe the ability of a

human observer to assign a digital quantity to the value displayed
on a Readout Device.

Readability Error: The error caused by the inability to assign an

unlimited number of digits to the output of an instrument.
Readout Device: That mechanism which ultimately displays the

value of a physical variable within a system in a form upon which
logical decisions can be made.

Reference Standard: A measuring system which is used only to
calibrate other measuring devices and/or systems.

Reference Standard, Intermediate: A Reference Standard maintained
by any person or organization other than the Physical Standards
Laboratory and which has been certified in accordance with this
standard.

Reference Standard, Laboratory: A Reference Standard which is
permitted between the UTtimate and/or Intermbdiate References in
certain special cases, criteria for which are contained in this
standard.

Reference Standard, Ultimate: That Reference Standard maintained

by the Physical Standards Laboratory. The most authoritative
Reference Standard in a given country.

Reference Value: The best estimate of the actual value of a physical
variable experienced by an instrument duiing its calibration, taking
into account corrections in fluid column height and calibration
corrections for the Reference Standard. It should not be confused with
the true value which can never be known exactly.

Second Order Error: The error induced in the determination of a
measured quantity caused by a measurement error in an Environmental
Factor which is going to be used to make a correction to the basic
measured quantity.
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Testing and Presenting Basic Pertormance 1 s Dosthive Displace

ment Hydraulic Fluid Power Puamps and Voo oo Vo0 Bes, 27-19%30)

In 1964, producers and users of hydrauiie booe s wer g e

expressed the need for more meanneful, cor Ut and dccurate reeans

for determining and expressin @ component pectoe s o eoc bl e RN

only existing standards were luntted wrsonse o pproncnte e iy o
o

mobile equipment. Upon request to the NE e Lo chineal Booard,
were authorized and as:signed to the NEFPA o an ! Mot Senon

et

At the outset, work was divided 1o two po Vi

“AMethods of Rating''. Drafting of the inferrel 6o o vment s pe e e
at o somewhat parallel pace.  Drabane v oo oot o Ldte P00y
sepdarate documents were simultancously su o
roview, Separate review and modificotion proo:
1w as agreed that the documents shouw'd be oo 7 contrned . o
Sacshitate international acceptunce, the oo Lo wler nrecten o
cncorporate, wherever pogsible, material recat o oom Intereatonn
coovvlardication actions,  Also, thie basic reccoocin at Oklahoma State
Uraversity and the standards actions of the Doorety of Autormotive

Engineers and the British Standards Institute were 1o be taken o Gocount,

b to e e onde e

coeuntis T wher

The combined and revised draft was completed on 238 Novewber 1970, It
was circulated for comments and improved dacing the 15 Doecember meeting. )
Halloting was undertaken on 18 December 1970,
The ballot, which closed on 1% January 1971, »oconcluded succeszsfally
thiru editorial clarifications. One clarificatior - aoteworthy the nripinag!
fest “or structural integrity called for a
maximum rated output pressure, it 1s now
allowable operating pressure),

Lest ot Yo peveent of manafacturer's

[ S t

PES ot ot ALV foaxinee,
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cooan NEFDPPA Recomimended Standavd wary coonte Dby the Hoapr o ol Do

on 21 January 1071 BEditorial action was corenrel o o 3D At Tl

viernbers of the NFPA Project Grour nat prepomied this stanaard are oot -

on page 4,

On 30 December 1971, the NIPPA Recominenac! Standard was subaonitted to
ANET Stendardg Cosventtee BY3 for nromalendtion as an ANSE Standard.
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b }1." '-
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METHOD OF TESTING AND PRESENTING BASIC PERFORMANCE DATA FOR
POSITIVE DISPLACEMENT HYDRAULIC FLULD POWER PUMPS

INTRODUCTION

In hydraulic fluid power systems, power is transmitted and controlled thru a
1iquid under pressure within an enclosed circuit. Pumps are components which
convert rotary mechanical power into fluid power.

With very few exceptions, all fluid power pumps are of the positive displacement
type. That is, they have internal sealing means which makes them capable of
maintaining a relatively constant ratio between rotational speed and fluid flow
over wide pressure ranges. They generally utilize gears, vanes, or pistons.
Non-positive displacement pumps, such as centrifugal or turbine types, are seldom
associated with fluid power systems.

Pumps are available either as "fixed" or "variable” displacement types. Fixed
displacement pumps have pre-selected internal grometries which maintain a cons*ant
volume of liquid passing thru the pump per revolution of the pump's shaft.
variable displacement pumps have means for changing the internal geometries so
that the volume of liquid passing thru the pump per revolution of the pump's

shaft can be changed.

1. SCOPE
To include basic methods of test, and methods for presenting the following
performance data for rotary positive displacement hydraulic fluid power
pumps used in industrial, mobile, and marine applications:

.Y Pumps

1.1.1 Volumetric displacement

1.1, Qutput flow

Lol Power input

[
Vo1,
i1,
L.

Overall efficiency
Fluid inlet pressure requirements

Volumetric officiency

~N O N bW N

Mechanical eftficiency

covs recommended standard also applies to variable displacement pumps when
nosted under fixed displacement conditions.

“noaddition to the basic requirements 0f this recommended standard, other
cerformance information may be recessary to accommodate individual application
requirements.

o Excludes pumps wrich contain integral valving. (?)

¢ Methoa of test ape'ies only to the lahoratury, rot the production " fre
s felas e Jangary . a0
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PURPOSE

To provide a uniform and accurate means for deternining and expressing pump
performance capabilities in a standard form; to gquide the establishment of
meaningful ratings; and to aid in accomplishing optimum component application.

TERMS
(For definition of terms not herein defined, see Reference No. 1)

3.1 Test Parameter: Any one of several physical quantities which are
used to assess the performance of a pump but which are controlled at
predetermined values throughout the course of a test. Synonym:
Independent Variable, Controlled Variable.

3.2 Target Value: A predetermined value for a particular Test Parameter.
e test procedure requires the setting in of the Test Parameters at

values which are very 1ear the predetermined values.

3.3 Observation: A record of all measured data, both dependent and indepencent
variables, at any one combination of Parameter Values (Target Values).

3.4 Base Operating Condition: A specific operating point during which time
all Test Parameters are set to their rated values as recommended
by the pump's manufacturer.

GRAPHIC SYMBOLS

Graphic symbols used herein are in accordance with References No. 2, 3, and 4.
Where References No. 3 and 4 are not in agreement with No. 2, Reference No.
2 governs.
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P
5. LITERAL SYMBOLS
5.1 Physical Quantity Symbols
Symbol Meaning US Units of Measure SI Units of Measure
Steady State Transient
q Flow Gallons per minute Liter per minute
h Efficiency percent percent
t Torque Ibs-in newton-meter
P p Pressure PS! bar
N n Rotational Speed RPM RPM
W W Power Horsepower Kilowatt
L d Displacement ind/rev cc per rev
6 Temperature °F °C
5.2 ldentifier Subscript Symbols
Symbol Meaning
i Ideal, based on design info rather than test data
I Input
— b At base Conditions
T Total or Overall -
0 Qutput
v Volumetric Used with efficiencies only
M Mechanical
L Leakage or loss, depending upon associated Quantity
Symbol
a Actual, based on test data as opposed to ideal
p Pump
D Differential Used for pressure only
A Average
e Effective
6. UNITS
6.1 The International System o2¢ 'nits (SI) is used in accordance with
Reference No. 5.
6.2 Approximate conversions to "customary US" units are given for
tnformation purposes. These appear in parentheses after their SI
counterpart, or separate, as 'n the case ot formulas and graphs.
Conversion 1s based upon the “total implicd nrecfsion” principle.

5.3 Use the SI urits on al’ yraphs and data. (The use of customary i
equivalents ‘< optioral.
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GENERAL PROCEDURES
7.1 Pumps
7.1.1 Select and set up all test apparatus per section 8.
7.1.2 Run all tests per section 10.
7.1.3 Using data from section 10, make calculations per section 11.
7.1.4 Using data from section 10 and calculations from section 11,
present data per clauses 12.1 and 12.2.
TEST EQUIPMENT SELECTION AND GENERAL SET-UP
8.1 For the Power Conversion Tests, set up the circuit as in Figure 1.
8.2 Fluid

8.2.1 Select a fluid:

8.2.1.1 Which {s Newtonian, that is, one that does not contain
polymeric materials used as thickeners or viscosity
index improvers.

8.2.1.2 Which has viscosity characteristics which are within the
1imits shown in Table 1 or Table 2.
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TABLE 1
. US UNITS o B
Viscosity must be |
between these limits SAE © o MIL-L-2104 Recommendation on Usage
| o 1 0 Grade | Grade
At 104°F At 212°F 1 B
160 and 240 | 46 and 5) : ;
SUS SUS | 0 i _Preferred e
' 240 and 460 | 51 and 58 ! | ‘
i§US SUS # 26 IS . _Not Preferred =~
. 460 and 725 | 48 and 69 ! : ‘
| SuS SUS 1 30 430 . _Not Preferred =~
| 725 and 1050| 69 and 85 | | ‘
, SUS SUS 1 80 | 40 . _Not Preferred
| 1050 and 85 and 110 | ; |
| 1650 SUS SUS 50 . 220 . ._Not Preferred = _
TAELE 2
IS0 UNITS L
| Viscosity in CST mut be ) J
between these limits SAE . MIL-L-2104 | Recommendation on Usage
J Grade | Grade !
| At 40°¢ At 100°C i S o
P 34 - 5] 6.0 - 7.6 10 i» 10 __V.MBISIS£LEQ___".“__,_ o
§ 51 - 99 7.6 - 9.6 20 | _N/A Non Preferred
39 - 156 9.6 - 12.7 30 i Pref
199 - ___4-‘,--§9M~nau_,r,JﬁuL~Jzag::sQM__ o
D156 - 226 12.7 - 16.8 0 40 _,_Non Preferred
| 226 - 356 6.8 -22.7 | 50 | 50 . Nor Preferred
8.2.1.3 Which is "Not Preferred” only when the pump's
Manufacturer declares that *he proferred viscosities aro
too low for the safety of the pump.
B.2.2 Verify the viscosity by measuring ¢ in accordance with
Reference No. 8.
-G.
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8.2.3 Filtration: The position, number and specific description of
filters used in the test circuit snall provide a standard of
filtration approved by the pump manufacturer and shall be
stated. (27 March, 1979)

Working Instruments

8.3.1 Select Working Instruments which mect the requirements of the
applicable annexes to this standard (Note: NFPA/TZ2.12 and
1S0/TC-131/SC-8/WG-3 are developing these annexes).

Pressure Taps

8.4.1 Select a pressure tap which can be evaluated in accordance with
the applfcable Annexes to this standard.

8.4.2 Install the pressure tap in locations which agree with Figure 1.

Size and select all other test equipment to be compatible with the
applicable limits entered on the Designated Information Sheet.

Install necessary safety devices to protect both equipment and
personnel.

Use plumbing and circuit construction techniques to ensure that no
entrained air enterc the pump inlet port.

8.7.1 Use inlet plumbing which is the same <ize as that which the
pump has.

8.7.2 There can be no changes in inlet plumbing size within 10
inlet pipe inside diameters.

9. PRE-TEST DATA

9.1

Power Conversion Test

9.1.1 Using fluid and pump manufacturers' information, determine
items 1 through 8B on the Designated Information Sheet.

G.1.2 Measure the viscosity of the fluid in accordance with Reference
No. 8; record on 8C cof the Designated Information Sheet.

9.1.3 Determine the viscosity index in accordance with Reference 7;
record on 8D of the Uesignated Information Sheet.

G.1.4 Determine the Target Values using both pump manufacturer's
information and the following selection criteria:

9.1.4.1 For variable displacement pumps, use 100%, 75%, 50%
and 25% of maximym geometric displacement. Enter
the displacement values on Line 9A of the Designated
"rnformation Sheet. For fixed displacement pumps, use
100% orly.
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9.1.4.2 Ffor shaft sceeds, use 100, 801, 60%, 40% and 20%
of rated speed. Enter these speed valdes on Line
98 of the Designated Information Sheet.

9.V.4.23 For irlet pressures, use tne manufacturer’'s recommended
menimum.  Enter this precsure value on Line 9C of the
Designated !rformation Sheet.

9.1.4.4 For outlet pressures, use 100%, 80%, 60%, 40%, 20% of
base pressure and minimum output pressure. Minimum output
pressure must be less than 10% of rated pressure. Enter
these pressure vaiues ¢n Line 90 of the Designated
information Sheet.

9.7.4.5 Using the standard viscosity chart of the fluid
selectea in clause 5.2.1.2, determine the upper
and Gowe s taraet vaiues for tempera‘ture so that
the two Target Yiscosities meet the requirements
At givan on e o gpplicahle Tine below:

T AT N
TARLE 2

SAE T MIL-L-2Te8 T TS Temperature 1 Tigh Temperature
arade o ' Grade of j Target Viscosity | Target Viscosity

Fluid ¢ Flufd  inCST(SUS) 0 inCST (SUS)
B [ I S (¥ 428 (030) . 8.9 (59) ;
L MA L4 | |
LA L) R 18.0_(90) |
C.8C g 80 goodeeafery o 250 (J20)

50 ‘ 35 ety oo 33.9(w0)

Ao Frter 0tnoresylting temperatures on Line 9F
T w aeated Irformatior Sheet as the two
v orower Conversion Test.

Tt Je L

et arnitoable Target Viscosities on
rated Intormation Sheet,

St he e

J.T0h Fgtimate the avcme Tarosted Voo of ¢he Test yariables
Sing tre T T T Mot e The formylas are on'y
ectimates fo e g cnutpment . they do not assure
that actua 2% oot w7 he acnieved)

500 oo Maor e e Ot let Flow, use
s u s tacerenty o kated Speed) GEm
Ty 7 ‘ly‘ S v
PR A ¢ T A ’w"f‘r,‘f’t‘r‘

o = SUUS. N VU S W — B A B M A e e L oa a .t im . m oatoae =
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9.1.5.2 For input jorque, use

o B . - 1.4 x (Rated Pressure) x (Design Displacement) o
‘ TaXx 2n

Enter this value on Line 1uB of the Designated
Information Sheet.

9.1.5.3 For Case Drain Fiow, use 2u% of Maximum Expected
outlet flow. Enter this value on Line 10C of the
Designated Information Sheet.

Ce emm———— -

9.1.5.4 For Input Power, use

_ (Rated Speed) x T
e X yp
max 63024

Enter this value on Line 10D of the Designated
Information Sheev.

W

9.2 Evaluation of Measurement Error

9.2.1 Evaluate the Measurement Error in accordance with the applicable
® Annexes of this Standard (Note: NFPA/T2.12 and 1S0/7C-131/SC-8/
WG-3 are preparing these annexes). Enter on Desig. Info. Sheet.

9.2.2 Using Table 4:

9.2.2.1 Select a Measurement Accuracy Class for each measured
-~ variable.

9.2.2.2 Using the "Basis/Units” column in Table 4 and the
specific conditions of this test, determine the
Maximum Allowed Error in the units of measure as follows:

A. Shaft Speed MAE =
(Maximum Test Speed) x (¥ From Table 4)
100

B. Inlet Pressure Below Atmosphere MAE =
Selected Value from Table 4

C. Inlet Pressure Below Atmosphere or up to 1 bar above
° Atmosphere MAE =
- Selected value from Table 4

D. Outlet Pressure MAE =

. (Maximum Test Pressure) x (% From Table 4)
1N0

® . £. Inlet Temperature MAE =
Selected Yalue from Table 4

F. Outlet Flow MAE =
(Maximum Test Flow) x (% From Table 4)
700 .
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. - G. Input Torque MAE =

’tr (Maximum Test Torque) x (% From Table 4)

] 100

{ H. Case Drain Flow MAE =

t (Maximum Test Case Drain Flow) x (% From Table 4)

! 100

bii 9.2.2.3 Enter the above values on the corresponding lines of

o section 11 of the Designated Information Sheet under

! the column headed "Max Allowed Error".

[ Please Take Notice: When Maximum Allowable Error

b Ts evaluated correctly, the values are in the units of

:ﬁ measure, not percentages.

t 9.2.3 Compare the Maximum Allowable Errors from 9.2.2 to the Actual
Measurement Error from 9.2.1. [If the Actual exceeds the
Allowable, then a different Class of Accuracy must be selected,
or a different measurement method must be employed.
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o HYDRAULIC FLUID POWER PUMP TESTS NFPA 13.9.17

Manufacturer: L L ¢
Model:_'__‘__wvh_, L o L o ) 1
Serial No.:

Pumping Principle: ]
Rated Pressure:.
Rated Speed:
Design Displacement:
Fluid:

Manufacturer:
Type: o
Viscosity at 100°F: -
Viscosity Index:

Additives: L
Specific Gravity:
Bulk Modulus:

Temp Coef of Expansion:
arget Values - Power Conversion Test

Displacements: 100% = )
Shaft Speeds: 100% = , 80% =

Inlet Pressures: - .
Qutlet Pressures: 100% = 80%¥ = _ , 60%

40% = 20% = _, Min = < 10% Rated Pressure
Intet FTuld iemperatures:
Viscosities:

Directions of Rotation: -
ximum Expected Values of the Test Variables - Power Conversion Test

Outlet Flow:
Input Torque:

O ~NDO b he

{
. 3!

w X

75% = ,

Vo)

[es i Mool = 352 4.10“")”’1(3(‘“}

-
we.3!

10.

9@@?§mww

Case Drain Flow: o ]
Input Power: UJ‘
1. Error Evaluations - Power Conversion Test "1
Parameter Measurement Max. Allowed Actual .
Class Measurement Measurement ]
Ervor (From Table 4) Error (From C1. 9.2.1
A. Shaft Speed
B. IntetPressure {Low) B ) ]
C. InletPressure (High) g
0. Outlet Pressure - - ]
. inlet Temperature __ e . _ ]
F. Qutlet Flow 1
6. Input Torque - i i ]
H. Case Drain Flow e »
— e -1
12. Total Number of Observattons: =~~~
13. Testing Agency: L T
!1'
g
]
]
5. 1
_;1
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iU.  PUMP TEST PROCEDURES

Install the test pump In tnhne test riy shown 1n Figure 1.

Break-1in the pump in accordance witn manufacturer's recommendations.

Power Conversion Test

10.3.1

10.3.2

10.3.3

Iterate parameters, ie, speed, iniet pressure, outlet
pressure, inlet temperature anc pump displacement through
all applicable Target Values as recorded on the Designated
Information Sheet and in all applicable combinations.

Contvol the indiviaual Target Valucs within the 1imits required
in Table 5 (Note: for variable displacement pumps it is
recommended that displacement te the slowest changing parameter
in order to minimize the problem of returning to a given

Target Value after changing displacement and further, it is
recommended that the stroking control be locked into a position
for a given Target Value).

Record data per Chart 2 for all individual combinations of
Target Values.

10.3.3.1 Do not record Target Values, instead record their

corresponding actual measured values of the Parameters.

10.3.3.1.1 For pressure Target Values, be sure to
set the outlet gauge pressure to a value
that puts the pump differential pressure
to the Target Value. This will depend

e

upon the inlet pressure at each observation.

10.3.3.2 Take readings only after all parameters and test
vartables have stabilized within the limits of
Table 5 for at least 5 seconds.
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: —
o 11. PUMP CALCULATIONS
;‘T' 11.1 When the optional flowmeter location downstream of the load valve
' {s used (see figure 1), flow data may have to be corrected to the
' pump outlet using the following formula:
X - (P - P) i
Qoo =) - o Bt (0 el
o .
4
} Explanation of symbols:
A Q,, is the effective flow at the high pressure outlet port.
: (#is the fiow as measured in the optional location.
[ﬂ P0 is the measured outlet pressure.
]
W PF is the inlet pressure to the flowmeter.
b
: KT is the isothermal secant bulk modulus as supplied by the fluid
manufacturer.
| ® Y {s the cubic coefficient of thermal expansion as supplied by the
X fluid manufacturer.
N The correction formula must be applied if, when the difference between
: Qoe and QF is added to the Actual Measurement Error, the result exceeds
?]il - the Maximum Allowable Error. If the Maximum is not exceeded, then
& the correction is not necessary then:
- =
; Qoe QF
[ 11.2 In order to compensate for the inevitable fact that Target Values
- cannot be perfectly acquired during the test and further, to compensate
!i’ for the graphical irregularities which accompany imperfect target
acquisition, it is permissible to adjust the torque and flow data
to values that would have existed had target acquisition been perfect.
tne following formulas apply as first approximations:
8 ndi ™ Yoe ¥ :.T.a_rset
| Actual
which applies only 1f the actual speed differs from the Target
Speed by no more than 10% of Maximum Test Speed, and
= P
L TAdj Tou * pTargeg
Actual
which applies only if the actual pressure differs from the Target
pressure by no more than 5% of the maximum test pressure.
®
@
-19-
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11.3 Calculate the pump input power: -
Wy (Watts) = 0.105 T,(n-m) x Nl{rpm) i
Wy (HP) = T, (in-1b) x N, (rom)/63024 "
11.4 Calculate pump output power: :
= - P \ _':
No (Watts) = 1.67 x [PO I](bar) X Qoe(L/M1n) .
= -p ) i :
HO (HP) [PO .Id(ps1; X QOe(gpm)/1714 .
11.5 Calculate overall efficiency .
i
HT = _:_(_)_ .1
I .
11.6 Determine the Actua! Displacement
11.6.1 Separate Power Conversion Test data by displacement and .
temperature, that is, so that each individual displacement- o
temperature combination forms a single block of date. For v

each of those blocks, carry out the following three steps:
11.6.1.1 Calculate the Simple Displacement:
Simple Displacement (cc/rev) =
1000 x OOe(L/Min)/Nl(rpm)

]

Simple Displacement (cu-in/rev) =
ki
231 x Q,,(gpm/N; (rpm)
for all observations in each of the data blocks
formed in 11.6.1.

11.6.1.2 Scan all data in each block and select the maximum
value of the Simple Displacement as the Actual
Displacement:

D, = Max (Simple Dfsplacement]

11.6.1.3 Repeat 11.6.1.1 and 11.6.1.2 for each temperature-
displacement data block

S .'4\,

11.7 Determine the Voiumeteric Efficiency:

1
11.7.1 For each displacement-temperature combination, calculate the ]
Ideal Flow using the displacement found in 11.6.1.2: L]

Q4 (L/Min) = D (cc/rev) x N;(rpm)/1000 )

001(9Dm) = Da(cu-in/rev) X NI(rpm)/IOOO

for each observation.

-20-
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11.7.2 Calculate the Volumetrio Efticicency.

H, = !
v ng
h
Ho.)
11.7.3 Determine tre voluretric efficiency 4t the base operating
condition:

H = N
Vb Toebd
oty
where QO A 1s the effective output fiow at base conditions
eb

and . 15 ldeal “low calculated using base speed.

11.7.4 Determine the volumetric efficiency at the base operating

condition:
HVb ) Qoab
j01b

where Qoab is the actual flow when the pump was operdted

under the condition of rated speed, rdated temperature,
maximum displacement, rated inlet pressure and rated
outlet pressure; Qoib is the ideal flow at base condition

which was found in 11.7.1 using rated speed for NI'

11.8 Determine the Mechanical Efficiency:

11.8.1 For each displacement setting, calculate the ldeal Input
Torque using the displacement as determined in 11.6.3:

TIi(n-m) = Da(cc/rev) X [Po - PI](bar)/ZOOOn

T11(1n~1b) = Da(cu-in/rev) X [P0 - PI](psi)/Zn

where P0 and PI are measured values taken from the Power
Conversion Test and PI is a negative value when the inlet
pressure 15 ‘below atmospheric.

11.8.2 Calculate the Mechanical Efficiency:

-21-
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Determine the Mechanical Efficiency at the base operating
condition:

where TI‘:‘D ic the actual torque measured when the pump was

operated under the condition of rated speed, rated temperature,
maximum displacement, rated inlet pressure and rated outlet
pressure, TI1D fs the ideal torque which was found in 11.8.1

using rated values for PO and PI.

TEST DATA PRESENTATION

when describing pump performance in accordance with this standard, the
following data shall be provided.

12.1 Provide all information contained on the Designated Information Sheet.
12.2 Provide all test data results as described in 12.2.1 and 12.2.2

12.2.1

12.2.2

For each displacement setting, plot graphically (se@ figure 2)
pump performance versus pump pressure differential \Po -PI)

at a constant pump speed (Np).

12.2.1.1 QOverali efficiency (HT) versus pressure
differential (Po - PI) with test temperature (o)
as a parameter.

12.2.1.2 Flow output (QO) versus pressure differential
Po - PI) with test temperature (6) as a parameter.

12.2.1.3 Horsepower input (HI) versus pressure differential

(Po - PI) with test temperature (8) as a parameter.

12.2.1.4 Repeat 12.2.1 for each displacement setting and
pump speed combination.

For each displacement setting plot graphically (see figure 3)
pump performance versus pump speed (NI) at a constant test
temperature (8)

12.2.2.1 Fiow output (QO) versus pump Sspeed (NI) with pressure
differential (Po - PI) as a parameter.

12.2.2.2 Overall efficiency (HT) versus pump speed (NI)
with pressure differential (Po - PI) as a parameter.

12.2.2.3 Horsepower input (HI) versus pump speed (NI) with
pressure differential (P0 - PI) as a parameter.
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12.2.2.4 Repeat 12.2.2 for each displacement setting
and test temperature combination.

12.3 Graphing of several variables on one set of axes is allowed.

14. IDENTIFICATION
The use of the following statement in catalogues and sales literature
prepared by those cieccing to comply with this voluntary standard is
strongly recommended:
14.1 "Performance data obtained and presented per NFPA Recommended Standard
T3.9.37-319xx"
-23-
L’;. ;h&l --- ‘-!. LN bl dlh. ol a A . L?_ RS - at -l

- ERA ... . s ‘a R

w. Ve




TN TR T YT R TR TR e T R TR T e T T Ol R N A M 2 S et Y e S A S P T T A S A

T3.9.17R1

e o Draft #5
FiGure 4 20 March, 1980
QOe Preferred Flowmeter
Position
r on
8, Q-_ 40 ‘-E Load Valve

Po <%F> 40
Torque 40
Tachometer Transducer

I Y 9
Varifable F
Speed Drive | 7 PF
40 P LN
I 4D

4D
N 4D
- . Optional Flowmeter

°1 Q Position
i X F

Supercharg Inlet
Pump Pressure Control

l valve

Optional Inlet

Pressure Control* iy 1l

* If positive inlet pressures are required, the supercharge pump can be used.
[f very low inlet pressures are required, only the load valve may be necessary.

Note 1: See clause 8.2.3 for filtration requirements

Note 2: When the Optional Flowmeter position is used, it may be necessary to
- correct for differences in pressure between the preferred and optional
positions. See Clause 11.1 for specific procedures and criteria.
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